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ABSTRAK 
Satu kajian telah dijalankan untuk menilai air permukaan dan kualiti tanah, sumber 
pembahagian pencemaran pemuatan kawasan perindustrian Gebeng dan peserta tempatan 
untuk mencadangkan model untuk pengurusan tadahan bersepadu di kawasan ini. sampel 
air telah diambil dari air permukaan Tunggak dan Balok sungai untuk tempoh dari Oktober 
2016 hingga Ogos 2017 dari 10 stesen persampelan. Sampel tanah juga dikumpulkan dari 
10 stesen dua kali pada musim kering dan basah. Seramai 15 parameter air dengan sepuluh 
logam berat, dan sifat-sifat tanah dengan sepuluh logam berat telah dianalisis mengikut 
prosedur kaedah standard. Analisis data dijalankan dengan menggunakan SPSS 21.0 
perisian statistik. Semua parameter kualiti air 25, 16 parameter didapati di luar syor (EQR) 
Malaysia. Kepekatan pH adalah dalam julat keasidan (6.61) dan DO sangat rendah (4.39 
mg / L) ke seluruh kawasan. Oleh itu, TDS, TSS, EC, BOD, COD, AN, TP, O & G, Cd, 
Co, Cu, Pb, Mn, dan Ni diperhatikan dalam kepekatan yang lebih tinggi kerana air sisa 
industri. Keputusan keseluruhan DOE-WQI mendedahkan bahawa air permukaan 
kawasan Gebeng itu dikelaskan sebagai kelas III. Keputusan harta tanah menunjukkan 
bahawa tanah yang lebih rendah pH, OM, dan SPR dan sebahagian besar daripada saiz 
zarah tanah kawasan Gebeng adalah kelodak dan tanah liat. Pencemaran tanah dinilai oleh 
indeks risiko ekologi seperti indeks geo-pengumpulan (Igeo), faktor pencemaran (CF), 
dan indeks beban pencemaran (PLI). Tanah Igeo dan CF mendedahkan bahawa zon 
perindustrian telah tercemar oleh lima logam berat iaitu: As, Cd, Co, Cu, dan 
Pb. Keseluruhan PLI di stesen zon perindustrian adalah lebih besar daripada 1, yang 
menunjukkan bahawa ada tanah logam berat pencemaran di zon industri. Sumber kajian 
pembahagian air permukaan dan parameter tanah mendedahkan bahawa sumber penting 
pencemaran adalah disebabkan oleh aktiviti antropogenik. Sumber pencemaran air adalah 
terutamanya disebabkan oleh efluen industri yang berkaitan dengan air sisa domestik, 
pertanian dan larian bandar sebagai tambahan kepada sumber semula jadi. Dua jenis kaji 
selidik telah diedarkan kepada tiga kumpulan yang berbeza. Pengetahuan, Sikap dan 
Amalan tinjauan (KAPS) telah diedarkan pada orang masyarakat setempat dan pekerja 
industri untuk mengetahui pengetahuan, sikap dan amalan orang-orang ini mengenai isu 
pencemaran industri. Tinjauan umum telah diedarkan kepada pihak berkuasa (JAS) untuk 
memahami kesanggupan mereka untuk mengambil bahagian dalam usaha sama dengan 
orang-orang masyarakat setempat dan pekerja industri. Demografi ciri-ciri masyarakat 
dan industri pekerja tempatan menunjukkan bahawa orang yang lebih tua, orang yang 
mempunyai tahap pendidikan yang lebih tinggi, penduduk lama, tahun pengalaman kerja 
adalah orang yang paling penting yang memelihara perubahan air permukaan dan kualiti 
tanah. Seramai skor hasil kajian KAP mendedahkan bahawa penduduk tempatan 
mempunyai pengetahuan yang baik, sikap, dan amalan untuk isu ini, manakala pekerja 
industri mempunyai pengetahuan yang baik, sikap dan amalan buruk. Ketiga-tiga 
kumpulan yang berbeza teruja untuk mengambil bahagian dalam usaha bersama untuk 
melindungi kawasan itu daripada pencemaran. Oleh itu, gabungan hasil penemuan 
saintifik dengan masyarakat setempat dan kajian industri pekerja menunjukkan persatuan 
yang penting dan memberikan visualisasi akhir bagi mencadangkan pengurusan tadahan 
bersepadu model (Program Kawalan Alam Sekitar ECP).  
iv 
ABSTRACT 
A study was carried out to evaluate the surface water and soil quality, source 
apportionment of pollution loading of the Gebeng industrial area and local participant to 
propose a model for integrated catchment management of the area. Water samples were 
collected from the surface water of the Tunggak and Balok rivers for a period from 
October 2016 to August 2017 from 10 sampling stations. Soil samples were also collected 
from 10 stations two times in the dry and wet season. A total of 15 water parameters with 
ten heavy metals, and soil properties with ten heavy metals were analysed according to 
the standard method procedures. Data analysis was conducted using SPSS 21.0 statistical 
software. Of all the 25 water quality parameters, 16 parameters were found to be beyond 
the recommendation of the (EQR) Malaysia. The concentration of pH was in acidity range 
(6.61) and DO were very low (4.39 mg/L) over the whole area. Accordingly, TDS, TSS, 
EC, BOD, COD, AN, TP, O&G, Cd, Co, Cu, Pb, Mn, and Ni were observed in higher 
concentration due to industrial wastewater. The overall results of DOE-WQI revealed that 
the surface water of the Gebeng area was classified under class III. The results of soil 
properties indicated that lower soil pH, OM, and EC and most of the particle size of the 
Gebeng area soils were silt and clay. The soil pollutants were assessed by ecological risk 
index such as geo-accumulation index (Igeo), contamination factor (CF), and pollution 
load index (PLI). The soil Igeo and CF revealed that the industrial zone was contaminated 
by five heavy metals which are: As, Cd, Co, Cu, and Pb. The overall of PLI at the industrial 
zone stations was greater than 1, which indicated that there is soil heavy metals pollution 
at industrial zone. Source apportionment study for surface water and soil parameters 
revealed that the significant sources of pollution were due to anthropogenic activities. The 
sources of water pollution were primarily due to the industrial effluents associated with 
domestic wastewater, agriculture and urban runoffs in addition to the natural sources. Two 
types of the survey were distributed to three different groups. Knowledge, Attitude, and 
Practices survey (KAPS) was distributed on local community people and industries 
employees to know the knowledge, attitude, and practices of these people about industrial 
pollution issue. A general survey was distributed to authorities (DOE) to understand their 
willingness to participate in a collaborative effort with the local community people and 
industries employees. Demographics characteristics of the local community and industries 
employees showed that older people, people with higher education level, old residents, 
years of work experience were the most important people who observe the change of the 
surface water and soil quality. A total score of KAP survey results revealed that local 
people have good knowledge, attitude, and practices to the issue, whereas the industries 
employees have good knowledge, attitude, and bad practices. All three different groups 
were excited to participate in a collaborative effort for protecting the area from 
contamination. Consequently, combined the results of the scientific findings with local 
community and industries employees survey showed significant associations and gave the 
final visualization for suggested integrated catchment management (Environmental 
Control Program ECP) model.         
 
v 
TABLE OF CONTENT 
DECLARATION 
TITLE PAGE  
ACKNOWLEDGEMENTS ii 
ABSTRAK iii 
ABSTRACT iv 
TABLE OF CONTENT v 
LIST OF TABLES xii 
LIST OF FIGURES xv 
LIST OF SYMBOLS                                                                                                    xxii 
LIST OF ABBREVIATIONS  xxiiii 
CHAPTER 1 INTRODUCTION                                                                                   1                                  
1.1 Introduction                                                                                                           1 
1.2 Problem Statement                                                                                                            3 
1.3 Significance of the Study                          4       
1.4 Objectives of This Study              5 
1.5 Organization of the thesis              5                                                                                                                     
CHAPTER 2 LITERATURE REVIEW                                                                       7 
 2.1 Introduction                                                                                                             7 
 2.2 Surface Water Quality Studies                                                                              7 
 2.2.1 Physical Parameters              8 
 2.2.1 Chemical Parameters            13 
 2.2.3 Heavy Metals in Water           20 
vi 
2.3 Water Quality Index (WQI)                                                                                21 
2.4 Heavy Metals Contamination of Soil                                                                  23 
 2.4.1 Soil Physicochemical Properties          23 
 2.4.2 Soil Heavy Metals            25 
2.5 Pollution Sources                                                                                                            25 
2.5.1 Source Apportionment of pollution loading                                                      28 
2.6 Industrial Pollution Management Studies                                                           29 
2.7 Research Gap                                                   21 
2.8 Conclusion               31 
CHAPTER 3 METHODOLOGY 33 
3.1 Introduction                                                                                                         33 
3.2 Study Area                                                                                                           33 
3.2.1 Location and Geography                                                                        33 
3.2.2 Climatic Condition                         35 
3.3 Selection of Monitoring Stations           35 
 3.3.1 Water Sampling Stations           35 
 3.3.2 Soil Sampling Stations           37 
3.4 Parameters Measured             38 
3.5 Sampling Frequencies            38 
 3.5.1 Water Sampling            38 
 3.5.2 Soil Sampling             39 
3.6 Sampling Methodology            39 
 3.6.1 Water Sampling Methods           39 
 3.6.2 Soil Sampling Methods           40 
3.7 Analytical Methods             40 
 3.7.1 Water Quality Analysis           40 
 3.7.2 Soil Analysis             42 
3.8 Water Quality Index (WQI)            43 
vii 
3.9 The Soil Contamination Assessment            43 
 3.9.1 The Geo-accumulation Index (Igeo)          44 
 3.9.2 Contamination Factor (CF)           44 
 3.9.3 Pollution Load Index (PLI)           44 
3.10 Statistical Analysis for All Data           45 
3.11 Enrichment Factor (EF)            47 
3.12 Methodology for Sustainable Management of Study Area        47 
3.13 Conclusion                                                                                                           50 
CHAPTER 4 WATER QUALITY ASSESSMENT                                                   51 
4.1 Introduction                                                                                                         51 
4.2 Normality Test for Physicochemical Parameters of Water                                 52 
4.3 Surface Water Quality Status            52 
 4.3.1 Temperature             52 
 4.3.2 pH              54 
 4.3.3 Electrical Conductivity                      55 
 4.3.4 Salinity             56 
 4.3.5 Turbidity             57 
 4.3.6 Total Dissolved Solids (TDS)          59 
 4.3.7 Total Suspended Solids (TSS)          60 
 4.3.8 Dissolved Oxygen (DO)           62 
 4.3.9 Biochemical Oxygen Demand (BOD)         64 
 4.3.10 Chemical Oxygen Demand (COD)          65 
 4.3.11 Ammoniacal Nitrogen (AN)           67 
 4.3.12 Total Nitrate (TN)            68 
 4.3.13 Total Phosphate (TP)            70 
 4.3.14 Sulfate (SO4
-2)            71 
 4.3.15 Oil and Grease            73 
4.4 Heavy Metals Contamination            74 
 4.4.1 Normality Test for heavy metals of Water                                              75 
viii 
 4.4.2 Arsenic (As)             75 
 4.4.3 Barium (Ba)             76 
 4.4.4 Cadmium (Cd)            78 
 4.4.5 Chromium (Cr)            79 
 4.4.6 Cobalt (Co)             81 
 4.4.7 Copper (Cu)              82 
 4.4.8 Lead (Pb)              84 
 4.4.9 Manganese (Mn)             85 
 4.4.10 Nickel (Ni)              86 
 4.4.11 Zinc (Zn)              88 
4.5 Water Quality Calculation in Accordance with DOE- WQI         89 
4.6 Conclusion               91   
CHAPTER 5 THE SOIL CONTAMINATION ASSESSMENT                              92 
5.1 Introduction                                                                                                         92 
5.2 Normality Test for heavy metals of Water                                                          92     
5.3 The Soil Physicochemical Properties               93 
 5.3.1 Soil pH              93 
 5.3.2 Soil Organic Matter (OM)           94 
 5.3.3 Soil Electrical Conductivity (EC)          95 
 5.3.4 Particle Size Distribution           95 
5.4 Heavy Metals Contamination of Soil           97 
 5.4.1 Arsenic (As)             97 
 5.4.2 Barium (Ba)             98 
 5.4.3 Cadmium (Cd)            98 
 5.4.4 Chromium (Cr)             99 
 5.4.5 Cobalt (Co)           100 
 5.4.6 Copper (Cu)            101 
 5.47 Lead (Pb)            102 
 5.4.8 Manganese (Mn)           102 
 5.4.9 Nickel (Ni)            103 
 5.4.10 Zinc (Zn)            104 
ix 
5.5 Geo-accumulation index (Igeo)         105 
5.6 Contamination Factor (CF) and Pollution Load Index        106 
5.7 Conclusion             108 
CHAPTER 6 SOURCE APPORTIONMENT AND POLLUTION LOADING      108 
6.1 Introduction              109 
6.2 Source Identification of Physicochemical Parameters of Water       109 
 6.2.1 Principal Component Analysis (PCA)                     110 
 6.2.2 Cluster Analysis (CA)         112 
 6.2.3 Water Physicochemical Parameters Enrichment Factors       113 
6.3 Source Identification of heavy metals of Water       113 
 6.3.1 Principal Component Analysis (PCA)                     114 
 6.3.2 Cluster Analysis (CA)         115 
 6.3.3 Water Heavy Metals Enrichment Factors                    116 
6.4 Source Identification of Heavy Metals of Soil         116 
 6.4.1 Principal Component Analysis (PCA)                     117 
 6.4.2 Cluster Analysis (CA)         118 
 6.4.3 Soil Heavy Metals Enrichment Factors                                 119 
6.5 Conclusion             120 
CHAPTER 7   KAP SURVEY AND SUSTAINABLE CATCHMENT                 121 
MANAGEMENT OF THE GEBENG INDUSTRIAL AREA 
7.1 Introduction                                                                                                           121 
7.2 Demographics Characteristics of Local Community and industries                     121  
            Questionnaires Analysis 
7.3 Authority Questionnaire Analysis                                                                     153 
7.4 Combined Effect of Potential Anthropogenic Impact with Public                    158 
            Perception 
7.5 An Integrated Model for Environmental Protection Through the                         162  
x 
            Collaboration of All Stakeholders 
7.6 Conclusion                                                                                                          165 
CHAPTER 8   CONCLUSION AND RECOMMENDATIONS                                 166                                                                                                          
8.1 Conclusion                                                                                                            166 
            8.1.1 Surface Water Quality in the Gebeng Industrial Area                               166 
            8.1.2 Heavy Metals Contamination of Soil                                                    167 
            8.1.3 Integrated Approach for Sustainable Management to                               168 
                        Controlling the Pollution Loading Problems in Gebeng  
                        Industrial Area 
8.2 Future Recommendations and Researches                                                            169  
REFERENCES                                                                                                             171 
APPENDIX A   200 
APPENDIX B                                                                                                                   203 
APPENDIX C                                                                                                                   204 
APPENDIX D                                                                                                                   216 
APPENDIX E                                                                                                                   228 
APPENDIX F                                                                                                                   228 
APPENDIX G                                                                                                                  229 
APPENDIX H                                                                                                                  232 
APPENDIX I                                                                                                                    235 
APPENDIX J                                                                                                                   236 
APPENDIX K                                                                                                                 251 
xi 
 LIST OF TABLES 
Table 2.1 Main pollutants, their sources and effects                                            27 
Table 3.1 Location of water sampling stations with their geographical               36     
coordinates.  
Table 3.2 Location of soil sampling stations with their geographical                  37    
coordinates.  
Table 3.3         List of measured water quality parameters, water, and soil heavy       38 
                        metals        
Table 3.4 Instruments were used for in-situ physical and chemical                     40 
                        Parameters 
Table 3.5 Methods were used for analyzing the TSS and TDS in water              41 
Table 3.6 Methods and equipment were used in analysing the chemical             41      
             parameters in water. 
Table 3.7 Methods and equipment used in analyzing the heavy metals in           42 
                        water 
Table 3.8 The methods and equipment for determination of the physic-             42 
                        chemical parameters in soil 
Table 3.9 The methods and equipment for determination the heavy                    43 
                        metals contamination in soil 
Table 4.1 Test of normality for physicochemical parameters of Gebeng             52 
                        water 
Table 4.2 Tests of normality for heavy metals of Gebeng water                          75 
Table 4.3 Water quality index of the studied rivers and water classes                 90 
                        based on DOE-WQI 
Table 4.4 Average water quality index in the sampling months based on            90 
                        DOE-WQI 
Table 5.1 Test of normality for heavy metals of Gebeng soil                               93 
Table 5.2 Geo-accumulation index for the soil of 10 monitoring station in       105 
                        wet season  
Table 5.3 Geo-accumulation index for the soil of 10 monitoring station in       105 
                        dry season 
Table 5.4 Contamination factor and pollution load index for   the soil of          107 
                       10 monitoring stations in the wet season 
Table 5.5 Contamination factor and pollution load index for   the soil of          107 
                       10 monitoring stations in the dry season 
Table 6.1 Rotated Component Matrix of Physicochemical Parameters in          110 
                        water         
  
xii 
Table 6.2 Dimension reductions of contaminations based on loading                 111 
                        the strength of water physicochemical parameters 
Table 6.3 Surface water enrichment factors for physicochemical parameters      113 
                        at different sampling stations 
Table 6.4 Rotated Component Matrix of heavy metals in water                           114 
Table 6.5 Dimension reductions of contaminations based on loading                  114 
                        strength of water 
Table 6.6 Surface water enrichment factors for heavy metals at different            116                        
                        Sampling stations 
Table 6.7 Rotated Component Matrix of heavy metals in the soil of                   117 
                         the study area 
Table 6.8 Dimension reductions of contaminations based on loading                  118  
                        the strength of soil heavy metals. 
Table 6.9 Soil enrichment factors for heavy metals at different sampling            119 
Table 7.1  The minimum, maximum, mean average, and standard deviation        124  
                        of family members and years of living for the local community 
Table 7.2  The minimum, maximum, mean average, and standard deviation        127  
                        of years of work and total work experience for employees in 
                        industries. 
Table 7.3 Impact of community’s duration stay on observation of water             134  
                        Quality 
Table 7.4 Impacts of community’s duration stay on observation about soil         135 
                        Contamination 
Table 7.5 Impacts of the duration of stay on volunteer community wants to       135  
                        participate in collaborative effort with the industry under the  
                        umbrella of public authorities 
Table 7.6 Impact of industries employees current job on observation of             140 
                        water quality 
 
Table 7.7 Impacts of industries employees current job on observation about      140  
                        soil contamination 
Table 7.8 Impacts of the industries employees’ current job on volunteer            141 
                        community wants to participate in collaborative effort with the 
                        industry under the umbrella of public authorities 
Table 7.9 The correlation between knowledge, attitude and practices scores      143 
                        in community data 
Table 7.10 The correlation between knowledge, attitude and practices scores      144 
                        in industries data 
Table 7.11 The overall KAP-Survey about local people’s Knowledge                  148  
                        Attitude, and Practices to participate in collaborative effort  
                        among people, industries, and authorities 
 
xiii 
Table 7.12 Independent t-test for local people’s Knowledge, Attitude, and          148 
                        Practices to participate in collaborative effort among people,  
                        industries, and authorities 
Table 7.13 The overall KAP-Survey of industries employees Knowledge            152 
                        Attitude, and Practices to participate in collaborative effort 
                        among people, industries, and authorities 
Table 7.14 Independent t-test for industries employee’s Knowledge                     152  
                        Attitude, and Practices for participating in a collaborative effort 
                        among people, industries, and authorities 
Table 7.15       The minimum, maximum, mean average, and standard deviation       154 
                        of years of work and total work experience for employees in DOE 
Table 7.16 Overall scientific finding assessment of the Gebeng industrial area    160 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                        
 
 
 
 
  
 
 
 
 
xiv 
LIST OF FIGURES 
Figure 3.1 Flowchart of the research methodology 34 
Figure 3.2 Map of water sampling stations at Gebeng  36 
Figure 3.3 Map of soil sampling stations at Gebeng 37 
Figure 4.1 Spatial variation of temperature in studied rivers along                          53 
the sampling stations in the study are. 
Figure 4.2 Seasonal distribution of temperature at the study area rivers                  53  
 during sampling months 
Figure 4.3 Spatial variation of pH in studied rivers along the sampling                  54 
                        stations in the study area 
Figure 4.4 Seasonal distribution of pH in the study area rivers during                    55  
                        sampling months 
Figure 4.5 Spatial variation of EC in studied rivers along the sampling stations     55  
                        in the study area 
Figure 4.6 Seasonal distribution of EC in the study area rivers during sampling     56 
                        months 
Figure 4.7 Spatial variation of salinity in studied rivers along the sampling            57 
                        stations in the study area 
Figure 4.8 Seasonal distribution of salinity at the study area rivers during              57  
                        sampling months 
Figure 4.9 Spatial variation of turbidity in studied rivers along the sampling          58  
                        stations in the study area 
Figure 4.10 Seasonal distribution of turbidity in the study area rivers during            58  
                        sampling months 
Figure 4.11 Spatial variation of TDS in studied rivers along the sampling stations   60  
                        in the study area 
Figure 4.12 Seasonal distribution of TDS in the study area rivers during sampling  60  
                        months 
Figure 4.13 Spatial variation of TSS in studied rivers along the sampling stations   61 
                        in the study area 
Figure 4.14 Seasonal distribution of TSS in the study area rivers during sampling   61  
                        months 
Figure 4.15 Spatial variation of DO in studied rivers along the sampling stations    62  
                        in the study area 
Figure 4.16 Seasonal distribution of DO in the study area rivers during sampling    63 
                        months 
Figure 4.17 Spatial variation of BOD in studied rivers along the sampling stations  64  
                        in the study area 
xv 
Figure 4.18 Seasonal distribution of BOD in the study area rivers during   65 
                        sampling months 
Figure 4.19 Spatial variation of COD in studied rivers along the sampling stations  66 
                        in the study area 
Figure 4.20 Seasonal distribution of COD in the study area rivers during sampling 66 
                        months 
Figure 4.21 Spatial variation of AN in studied rivers along the sampling stations    67 
                        in the study area 
Figure 4.22 Seasonal distribution of AN in the study area rivers during sampling    68 
                        months 
Figure 4.23 Spatial variation of TN in studied rivers along the sampling stations     69 
                         in the study area 
Figure 4.24 Seasonal distribution of TN in the study area rivers during sampling    69  
                        months 
Figure 4.25 Spatial variation of TP in studied rivers along the sampling stations     70 
                        in the study area 
Figure 4.26 Seasonal distribution of TP in the study area rivers during sampling     71  
                        months 
Figure 4.27 Spatial variation of sulfate in studied rivers along the sampling             72  
                        stations in the study area 
Figure 4.28 Seasonal distribution of sulfate in the study area rivers during               73  
                        sampling months 
Figure 4.29 Spatial variation of O & G in studied rivers along the sampling            73  
                        stations in the study area 
Figure 4.30 Seasonal distribution of O & G in the study area rivers during              74  
                        sampling months 
Figure 4.31 Spatial distribution of As in studied rivers along the sampling stations 76 
                        in the study area 
Figure 4.32 Seasonal variation of As in the study area rivers during sampling         76  
                        months 
Figure 4.33 Spatial distribution of Ba in studied rivers along the sampling stations 77 
                        in the study area 
Figure 4.34 Seasonal variation of Ba in the study area rivers during sampling         77  
                        months 
Figure 4.35 Spatial distribution of Cd in studied rivers along the sampling stations 79 
                        in the study area 
Figure 4.36 Seasonal variation of Cd in the study area rivers during sampling 79 
                        months 
Figure 4.37 Spatial distribution of Cr in studied rivers along the sampling stations  80  
                        in the study area 
 
xvi 
Figure 4.38 Seasonal variation of Cr in the study area rivers during sampling          80 
                        months 
Figure 4.39 Spatial distribution of Co in studied rivers along the sampling stations 81 
                        in the study area 
Figure 4.40 Seasonal variation of Co in the study area rivers during sampling 82 
                        months 
Figure 4.41 Spatial distribution of Cu in studied rivers along the sampling      83 
                        stations in the study area 
Figure 4.42 Seasonal variation of Cu in the study area rivers during sampling       83  
                        months 
Figure 4.43 Spatial distribution of Pb in studied rivers along the sampling stations 84  
                        in the study area 
Figure 4.44 Seasonal variation of Pb in the study area rivers during sampling         85 
                        months 
Figure 4.45 Spatial distribution of Mn in studied rivers along the sampling             85  
                        stations in the study area 
Figure 4.46 Seasonal variation of Mn in the study area rivers during                        86 
                        sampling months 
Figure 4.47 Spatial distribution of Ni in studied rivers along the sampling stations 87 
                       in the study area 
Figure 4.48 Seasonal variation of Ni in the study area rivers during sampling         87 
                        months 
Figure 4.49 Spatial distribution of Zn in studied rivers along the sampling stations 88  
                        in the study area 
Figure 4.50 Seasonal variation of Zn in the study area rivers during sampling         89 
                        months 
Figure 5.1 Average pH values in the studied soil at ten stations over seasons        94 
Figure 5.2 Average OM values in the studied soil at ten stations over seasons       94 
Figure 5.3 Average EC values in the studied soil at ten stations over seasons        95              
Figure 5.4 Average sand percentage in the studied soil at ten stations over            96  
                        seasons 
Figure 5.5 Average silt percentage in the studied soil at ten stations over              96 
                        seasons        
Figure 5.6 Average clay percentage in the studied soil at ten stations over             96  
                        seasons       
Figure 5.7 Average As concentrations in the studied soil at ten stations                 97 
                        over seasons 
Figure 5.8 Average Ba concentrations in the studied soil at ten stations                 98  
                        over seasons 
 
xvii 
Figure 5.9 Average Cd concentrations in the studied soil at ten stations                 99 
                        over seasons 
Figure 5.10 Average Cr concentrations in the studied soil at ten stations                100  
                        over seasons 
Figure 5.11 Average Co concentrations in the studied soil at ten stations               100 
                        over seasons 
Figure 5.12 Average Cu concentrations in the studied soil at ten stations               101 
                        over seasons  
Figure 5.13 Average Pb concentrations in the studied soil at ten stations               102 
                        over seasons 
Figure 5.14 Average Mn concentrations in the studied soil at ten stations              103 
                        over seasons 
Figure 5.15 Average Ni concentrations in the studied soil at ten stations                103 
                        over seasons 
Figure 5.16 Average Zn concentrations in the studied soil at ten stations               104 
                        over seasons     
Figure 6.1 Component plot in rotated shape for physicochemical parameters       111  
                        of water 
Figure 6.2 Hierarchical cluster analyses of 10 stations for physicochemical         112  
                        parameters of water of the study area 
Figure 6.3 Component plot in rotated shape for heavy metals of water                 115 
Figure 6.4 Hierarchical cluster analyses of 10 stations for heavy metals of          115  
                        water 
Figure 6.5 Component plot in rotated shape for soil heavy metals of the study    118 
                        area 
Figure 6.6 Hierarchical cluster analysis of 10 stations for heavy metals of soil    119 
Figure 7.1 The percentage of age groups for the local community in the              122 
                        studied samples 
Figure 7.2 The percentage of gender for the local community in the studied        122 
                        samples 
Figure 7.3 The percentage of race/ethnicity for the local community in the          122 
                        studied samples 
Figure 7.4 The percentage of occupation for the local community in the              123 
                        studied samples 
Figure 7.5 The percentage of level of education for the local community at         123 
                        studied samples 
Figure 7.6 The percentage of rate deterioration of water quality for the                124 
                        local   community 
Figure 7.7 The percentage of time deterioration of water quality for the               125 
                        local community 
xviii 
Figure 7.8 The observation of soil contamination for the local community           125 
Figure 7.9 The observation of rate of soil change for the local community           125 
Figure 7.10 The percentage of age groups for local industries employees in           126  
                        the studied samples 
Figure 7.11 The percentage of gender for industries employees in the                    126  
                        studied samples 
Figure 7.12 The percentage of race/ethnicity for industries employees                   127   
                        in the studied samples 
Figure 7.13 The percentage of level of education for industries employees          127  
                        at the studied sample 
Figure 7.14 The percentage of rate deterioration of water quality for                    128  
                        industries employees 
Figure 7.15 The percentage of time deterioration of water quality for                   128 
                        industries employees 
Figure 7.16 The observation of soil contamination for industries employees        129 
Figure 7.17 The observation of rate of soil change for industries employees        129 
Figure 7.18 Impact of community age groups on observation of water quality     130 
                        of the Gebeng 
Figure 7.19  Impact of community’s age groups on observation about                  131 
                        soil contamination of the area 
Figure 7.20 Impacts of age on volunteer community wants to participate            132 
                        in collaborative effort with the industry under the umbrella of  
                        public authorities 
Figure 7.21 Impact of community’s education level on observation of water      132 
                        quality of the Gebeng 
Figure 7.22 Impacts of community’s education on observation about                  133 
                        soil contamination 
Figure 7.23 Impacts of education level on volunteer community wants to           134  
                        participate in collaborative effort with the industry under the  
                        umbrella of public authorities 
Figure 7.24 Impact of industries employees age groups on observation of           136 
                        water quality of the Gebeng 
Figure 7.25 Impact of industries employees age groups on observation of           137 
                        soil contamination of the Gebeng 
Figure 7.26 Impacts of age on industries employees volunteer wants to               137 
                        participate in collaborative effort with the industry under the  
                        umbrella of public authorities 
Figure 7.27 Impact of industries employees’ education level on observation       138 
                        of water quality of the Gebeng 
Figure 7.28 Impact of industries employee’s education level on observation       139 
                        of soil contamination of the Gebeng  
xix 
Figure 7.29 Impacts of education level on industries employees volunteer           139  
                        wants to participate in collaborative effort with the industry  
                        under the umbrella of public authorities 
Figure 7.30 The percentage of the ability of local people for controlling              144 
                        industrial pollution problem 
Figure 7.31 The percentage of awareness of local people for the solution             145 
                        of the industrial pollution problem 
Figure 7.32 The percentage of local people for participation in a collaborative     145 
                        effort among people, industries, and authorities 
Figure 7.33 The percentage of approval of local people for awareness                  146  
                        programmer about the environmental protection  
Figure 7.34 The local community thinking about the responsibility of                  146 
                        industrial pollution 
Figure 7.35 The favorite way for the local community to get knowledge              147 
                        about the industrial pollution problems 
Figure 7.36 The percentage of the industries employee’s opinion about                149  
                        preventing industrial pollution problem by the community 
Figure 7.37 The percentage of the opinion of industries employees about             149 
                        awareness people should come to the solution of the industrial 
                        pollution problem 
Figure 7.38 The percentage of industries employees for participation in               150  
                        a collaborative effort among people, industries, and authorities 
Figure 7.39 The percentage of approval of industries employees for                     150 
                        awareness programmer about the environmental protection 
Figure 7.40 The industries employees thinking about the responsibility                151 
                        of industrial pollution 
Figure 7.41 The favorite way for industries employees to get knowledge             151 
                        about the industrial pollution problems  
Figure 7.42 The percentage of age groups for employees in DOE                         153 
Figure 7.43 The percentage of gender for employees in DOE                                153 
Figure 7.44 The percentage of level of education for employees in DOE              154 
Figure 7.45 The percentage of the deterioration rate of water quality for              155 
                        employees in DOE 
Figure 7.46 The percentage of time deterioration of water quality for                   155  
                        employees of DOE 
Figure 7.47 The observation of soil contamination for DOE employees                155 
Figure 7.48 The observation of rate of soil change for DOE employees                156 
Figure 7.49 The percentage of the DOE employee’s opinion about controlling     156  
                        industrial pollution problem by the community 
 
xx 
Figure 7.50 The percentage of opinion of DOE employees about awareness         157  
                        people should come to the solution of the industrial pollution 
                        problem 
Figure 7.51 The percentage of DOE employees for participating in a                     157 
                        a collaborative effort among people, industries, and authorities 
Figure 7.52 The percentage of approval of DOE employees for awareness            158 
                        programmer about the environmental protection 
Figure 7.53 Flowchart showed the   combined result for driving to                      161  
                        design the final model 
Figure 7.54 Proposed model for sustainable catchment management of               164 
                        the Gebeng industrial area             
xxii 
LIST OF SYMBOLS 
 
%  Percentage 
Ni  Nickel 
Hg  Mercury 
Cd  Cadmium 
Zn  Zinc 
Cr  Chromium 
Pb  Lead 
Cu  Copper 
As  Arsenic 
Ba  Barium 
Co  Cobalt 
Mn  Manganese 
℃  Degree Centigrade 
μs/cm  Micro siemens/ Centimeter  
mg/L  Milligram/Liter 
SO-24  Sulfate 
NO-3  Nitrogen Ion 
NTU  Nephelometric Turbidity Unit 
Ppm  Part Per Million 
Km  Kilometer 
 
 
xxiii 
LIST OF ABBREVIATIONS 
AN 
AOAC 
APHA 
Ammonical-Nitrogen 
Association of Official Analytical Chemists 
American Public Health Association 
CA Cluster Analysis 
CF Contamination Factor 
DOE 
EC 
Department of Environment 
Electric Conductivity 
EF 
EF 
Enrichment Factor 
Environmental Footprint 
EQR 
EPA 
GEMS 
GIE 
GPS 
HCA 
ICPMS 
Igeo 
NRC 
NSF-WQI 
NWQS 
O&G 
OECD 
OM 
PCA 
pHBC 
PLI 
SI 
SPSS 
 
                                                
Environmental Quality Report 
Environmental Protection Agency 
Global Environmental Monitoring System 
Gebeng Industrial Estate 
Global Positioning System 
Hierarchical Cluster Analysis 
Inductively Coupled Plasma Mass Spectrophotometer   
Geo-accumulation Index 
National Research Council 
National Sanitation Foundation-Water Quality Index 
National Water Quality Standard 
Oil and Grease 
Organization for Economic Co-operation and   Development 
Organic Matter 
Principal Component Analysis 
pH Buffering Capacity 
Pollution Load Index 
Sub-Index 
Statistical Package for the Social Sciences 
 
171 
REFERENCES 
Abbas, F. M. and Wasin, A. A. (2019). Easy Statistics for Food Science with R: Cluster 
Analysis. Book Chapter, 2019 Pages, 177-186. 
 
Abolude, D. S., Barak, Z., Tanimu, Y., Bingari, M. S., Opabunmi, O. O. and Okafor, D. 
C. (2013). Assessment of the concentration of metals in a sewage treatment pond of 
the Ahmadu Bello University Zaria, Nigeria. Journal of Aquatic Science, 28(1), 24-
34. 
 
Abyaneh, Z. (2014). Evaluation of multivariate linear regression and artificial neural 
networks in prediction of water quality parameters. Environmental Health Science 
and Engineering, 12(40), 1-8. 
 
Aditya, K. P., Rakesh, K., Pawan, K. and Sudesh, Y. (2015). Source apportionment and 
spatiotemporal changes in metal pollution in surface and sub-surface soils of a mixed 
type industrial area in India. Journal of Geochemical Exploration, 159, 169-177. 
 
Afshar, A., Shafii, M. and Bozorg, H. O. (2010).  Optimizing multi-reservoir operation 
rules: An improved HBMO approach. Journal of Hydro-informatics, 13(1), 121-
139. 
  
Ahlgren, J., Djodjic, F. and Wallin, M. (2012). Barium as a potential indicator of 
phosphorus in agricultural runoff. Journal of Environmental. Quality, 41(1), 208-
16. 
  
Ahmed, G., Miah, M. A., Anawar, H. M., Chowdhury, D. A. and Ahmad, J. U. (2012). 
Influence of multi-industrial activities on trace metal contamination: an approach 
towards surface water body in the vicinity of Dhaka Export Processing Zone 
(DEPZ). Environmental Monitoring Assessment, 184(7), 4181-90. 
  
Ahmed, M. K., Baki, M. A., Islam, M. S., Kundu, G. K., Sarkar, S. K. and Hossain, M. 
M. (2015a). Human health risk assessment of heavy metals in tropical fish and 
shellfish collected from the river Buriganga, Bangladesh. Environmental Science 
Pollution and Research, 187, 326-336. 
  
Akan, J. C., Abbagambo, M. T., Chellube, Z. M. and Abdulrahman, F. I. (2012). 
Assessment of pollutants in water and sediment samples in Lake Chad, Baga North 
Eastern Nigeria. Journal of Environmental Protection, 03(11), 1428-1441. 
  
Akhtar, M. M., and Tang, Z. (2013). Identification of contamination sources and TDS 
concentration in groundwater of second biggest city of Pakistan. International 
Journal of Environmental and Sustainable Development, 4, 341-345. 
  
Akkaraboyina, M. K., and Raju, B. S. (2012). Assessment of water quality index of River 
Godavari at Rajahmundry. Universal Journal of Research and Technology, 2(3), 
161-167. 
172 
 Al-Badaii, F., Shuhaimi-Othman, M. and Gasim, M. B. (2013). Water quality 
assessment of the Semenyih River, Selangor, Malaysia. Journal of Chemistry, 1-10. 
  
Ali, N. S., Mo, K. and Kim, M. (2012). A case study on the relationship between 
conductivity and dissolved solids to evaluate the potential for reuse of reclaimed 
industrial wastewater. Journal of Civil Engineering, 16 (5), 708-713. 
  
Ali, M. M., Ali, M. L., Islam, M. S. and Rahman, M. Z. (2016). Preliminary assessment 
of heavy metals in water and sediment of Karnaphuli River, Bangladesh. 
Environmental Nanotechnology, Monitoring & Management, 5, 27-35. 
  
Amanda, C. M., and Leslie, A. D. (2017). Factors influencing local stakeholder’s 
perceptions of Tisza River Basin management: The role of employment sector and 
education. Environmental Science and Policy, 77, 69-76. 
  
Amist, M. (2010). Riverine nutrient inputs to Lake Kivu. Department of Zoology, 
Makerere University, Uganda. 
 
Amit, S., Kundua, S. S., Hujaz, T., Kewalramania, N. and Yadav, R. K. (2017). Impact 
of total dissolved solids in drinking water on nutrient utilisation and growth 
performance of Murrah buffalo calves. Journal of Livestock Science, 198, 17–23.   
 
Amores, M. J., Meneses, M., Pasqualino, J., Anton, A. and Castells, F. (2013). 
Environmental assessment of urban water cycle on Mediterranean conditions by 
LCA approach. Journal of Clean Production, 43, 84-92. 
  
Andrzej, T. and Halina, N. (2011). The relationship between isotope composition of 
sulfate dissolved in river water and Sulphur extracted from fish scales. Isotoppes in 
Environmental and Health Studies, Vol. 47, No. 2, 189-213. 
  
Ankit, B. and Chris, E. J. (2013). Compositional characterization of soil organic matter 
and hot-water-extractable organic matter in organic horizons using a molecular 
mixing model. Journal of Soils and Sediments, 13, 1032-1042.  
  
Ansari, E., Gadhia, M. and Surana, R. (2012). Seasonal variation in physicochemical 
characteristics of Tapi Estuary in Hazira Industrial Area. Surana and Environmental 
Low Moot, 10, 249-257.  
  
APHA (American Public Health Association), (2005). Standard methods for the 
examination of water and wastewater. 21st ed... Washington, D. C., (2005). 
  
Appelo, C. and Postma, D. (2010). Geochemistry, groundwater and pollution 2nd edition. 
A. A. Balkema Publishers Leiden/London/New York/Philadelphia. 
 
Ariana, M. A., Vítor, J. P., Cidália, M. S. and Rui, A. R. (2016). Oil and grease removal 
from wastewaters: Sorption treatment as an alternative to state-of-the-art 
technologies. A critical review. Journal of Chemical Engineering, 297, 229–255. 
173 
ATSDR (Agency for toxic substances and disease registry), (2015). Toxicological 
profiles toxic substances portal. available at: 
http://www.atsdr.cdc.gov/toxprofiles/index.asp (accessed: Nov. 2015). 
  
Aweng, E. R., Ismid, M. S. and Mohd, M. (2011). The effects of land use on 
physicochemical water quality at three rivers In Sungai Endau watershed, Kluang, 
Johor, Malaysia. Austinian journal of Basic and Applied Science, 5(7), 923-932. 
  
Ayala, A., Leal, L. O., Ferrer, L. and Credá, V. (2012). Multiparametric automated 
system for sulfate, nitrite and nitrate monitoring in drinking water and wastewater 
based on sequential injection analysis. Microchemical Journal, 100, 55-60. 
  
Ayodele, A. A., and Olufunmilayo, A. A. (2012). On implications of groundwater quality 
of shallow wells in Otte community, Kwara state, Nigeria. International Journal of 
Applied Science & Technology, 2, 293-301. 
  
Ayub, K. R., Abu, F., Asaari, H., Abdullah, R., Liang, L. T., Zakaria, A. and Kiat, C. C. 
(2004). Water quality assessment at Perai Industrial Park. National Conference 
AWAM, USM, Malaysia, Pp, 1-7. 
  
Bal-Krishna, K. C., Ashok, A. and Troy, J. (2016). Comparative study of groundwater 
treatment plants sludges to remove phosphorus from wastewater. Journal of 
Environmental Management, 180, 17-23. 
  
Balandin, A. A. (2011). Thermal properties of graphene, carbon nanotubes and 
nanostructured carbon material. Journal of National Material, 10 (8), 569-581. 
  
Balandwin, D. S., and Mitchell, A. (2012). Impact of sulfate pollution on anaerobic 
biogeochemical cycles in wetland sediment. Water Research, 46(4), 965-974. 
 
Banerjee, U. And Gupta, S. (2012). Source and distribution of lead, cadmium, iron and 
manganese in the river Damodar near Asansol Industrial Area, West Bengal, India. 
International Journal of Environmental Science, 2(3), 1531-1542. 
 
Benjamin, O., James, V. and Atanu, S. (2017). Association between perceptions of public 
drinking water quality and actual drinking water quality: A community-based 
exploratory study in Newfoundland (Canada). Environmental Research, 159 (2017), 
435-443. 
  
Bharti, N. and Katyal, D. (2012). Water quality indices used for surface water 
vulnerability assessment. International Journal of Environmental Science, 2(1), 
154-173. 
  
Bhuiyan, M. and Dutta, D. (2012). Assessing the impact of sea level rise on river salinity 
in the Gorai river network, Bangladesh. Estuarine Coastal and Shelf Science, 96, 
219-227. 
  
174 
Boruvka, L., Vaccek, O. and Jehlicka, J. (2005). Principal component analysis as a tool 
to indicate the origin of potentially toxic elements in soils. Geoderma, 128(3-4), 
289-300. 
 
Boyacioglu, H. B. and Gunduz, O. (2005). Application of factor analysis in the 
assessment of surface water quality in Buyuk Menderes River Basin. European 
Water, 9(10): 43-49. 
   
Bozorg, H. O., Afshar, A., and Mariňo, M. A. (2011a). Multi-reservoir optimization in 
discrete and continuous domains. Proceedings of the Institution of Civil Engineers 
Water management, 164(2), 57-72. 
 
Brian, S. C., Merab, M., Michael, W., William, S., Boris, K. and Susan, G. (2012). 
Effects of manganese mining on water quality in the Caucasus Mountains, Republic 
of Georgia. Journal of Mine Water Environment, 31, 16-28. 
  
Brungs, W. (2011). Chronic effects of low dissolved oxygen concentrations on the 
fathead minnow (Pimephales promelas). Journal of Fisheries Board of Canada, 
28(8), 1119-1123. 
 
Cai, L. M., Xu, Z. C., Bao, P., He, M. Z., Dou, L. and Chen, L. G. (2015). Multivariate 
and geostatistical analyses of the spatial distribution and source of arsenic and heavy 
metals in agricultural soil in Shunde, Southeast China. Journal of Geochemical 
Exploration, 148, 189-195. 
  
CAP-SAM (Consumers’ Association of Penang and Sahabat Alam), (2011). Written 
Submission to the IAEA International Panel: Review of Lynas at Gebeng, Kuantan. 
 
Carleton, R. B., Katie, W. and David, L. N. (2019). Improved enrichment factor 
calculations through principal component analysis: Examples from soils near 
breccia pipe uranium mines, Arizona, USA. Environmental Pollution, 248 (2019), 
90-100.  
  
CCES (Cass County Environmental Services), (2012). Cass County Large Lakes 
Assessment, Minnesota Board of Soil and Water Resources. 
  
Chalupová, D., Havlίková, P. and Janský, B. (2012). Water quality of selected fluvial 
lakes in the context of the Elbe River pollution and anthropogenic activities in the 
floodplain. Environmental Monitoring Assessment, 184, 6283-6295. 
  
Chaturvedi, M. K., and Bassin, J. K. (2010). Assessing the water quality index of water 
treatment plant and bore wells, in Delhi, India. Environmental Monitoring 
Assessment, 163, 449-453. 
 
Chen, L., Ronghua., M. and Junfeng, X. (2018). Can the watershed non-point phosphorus 
pollution be interpreted by critical soil properties? A new insight of different soil P 
states. Science of the Total Environment, 628-629, 870-881. 
175 
Chen-Lin, S., Teck-Yee, L., Nyanti, L. and Kasing, A. (2016). Assessment of the 
characteristic of nutrients, total metals, and fecal coliform in Sibu Laut River, 
Sarawak, Malaysia. Applied of Water Science, 6, 77-96. 
 
Chin, S.L., Yi, C.L. and Hui, M.C. (2016). The abrupt state change of river water quality 
(turbidity): Effect of extreme rainfalls and typhoons. Science of the Total 
Environment, 557-558, 91-101. 
 
Chong, L. S., Prokopenko, M. G. and Berelson, W. M. (2012). Nitrogen cycling within 
suboxic and anoxic sediments from the continental margin of Western North 
America. Marin Chemistry, 128, 13-25. 
 
Cleophas, F. N., Isidore, F., Han, L. K. and Bidin, K. (2013). Water quality status of 
Liwagu River, Tambunan, Sabah, Malaysia. Journal of Biological Conservation, 10, 
67-73. 
  
Comber, S. Mohamed, S. A. and Kaled, S. S. (2013). A domestic source of phosphorus 
to sewage treatment works. Journal of Environmental & Technology, 34(10), pp, 
1349-1358. 
  
Connie, O. D., Mark, O. C., Zaki-ul-Zaman, A., Elvira, D. E., Lee, E. B. and Liwen, X. 
(2016). Forest clearfelling effects on dissolved oxygen and metabolism in peatland 
streams. Journal of Environmental Management, 166, 250-259. 
  
Costanza, R. (1992). Toward an operational definition of health. In: Costanza, R. (Ed). 
Ecosystem Health: New Goals for Environmental Management. Island Press, 
Washington DC, pp, 239-256. 
  
Cristina, G. and Julio, A. C. (2013). The impact of industrial effluent on the water quality, 
submersed macrophytes and benthic macroinvertebrates in a dammed river in 
Central Spain. Chemosphere, 93, 1117-1124. 
  
Damir, T., Mirjana, C. and Ankica, S. M. (2017). Assessing the surface water status in 
Pannonian ecoregion by the water quality index model. Ecological Indicators, 79, 
182-190.  
  
Dawei, P., Wenjing, L., Haiyun, Z., Li, Z. and Jianmei, Z. (2013). Voltammetric 
determination of nitrate in water samples at copper modified bismuth bulk electrode. 
International Journal of Environmental Analytical Chemistry, 93(9), 935-945. 
  
Decker, T. J., Slewert, H. F. and Thaddeus, G. G. (2013). An assessment of water quality 
on little and Big Duck Creeks Near Elwood, India. Proceedings of the India 
Academy of Science, 97, 333-338. 
 
D’Emilio, M., Caggiano, R., Macchiato, M., Ragosta, M. and Sabia, S. (2013). Soil 
heavy metal contamination in an industrial area: analysis of the data collected during 
a decade. Environmental Monitoring Assessment, 185(7), 5951-64.  
176 
Deka, J. and Sarma, H. P. (2012). Heavy metals contamination in soil in an industrial 
zone and its relation with some soil properties. Archives of Applied Science 
Research, 4(2), 831-836. 
  
Demars, B. O., and Manson, J. R. (2013). Temperature dependence of stream aeration 
coefficients and effect of water turbulence: A critical review. Water Research, 47, 
1-15. 
  
Department of Statistics Malaysia, (2012). Compendium of environment statistics 
Malaysia 2012. Department of Environment, Putrajaya, Malaysia. 
 
Devesaa, R. and Dietrich, A. M. (2018). Guidance for optimizing drinking water taste by 
adjusting mineralization as measured by total dissolved solids (TDS). Desalination, 
439, 147–154. 
  
Diana, N. R., Antonio, A. M., Renato, L. C. and Pedro, S. F. (2014). Electrical 
conductivity and emerging contaminant as a marker of surface freshwater 
contamination by wastewater. Journal of Science and the Total Environment, 484, 
19-26. 
 
Dillinger, J., 2017. https://www.worldatlas.com/articles/top-20-most-pollutedstates-in-
the-us.html. 04 25, 2017 
  
Dobbie, M. J., and Dail, D. (2013). Robustness and sensitivity of weighting and 
aggregation in constructing composite indices. Ecological Indicators, 29, 270-277. 
  
DOE (Department of Environment), (1994). Classifications of Malaysian Rivers, Kuala 
Lumpur, Malaysia. 
  
DOE (Department of Environment), (2008). Interim National Water Quality Standards 
for Malaysia, Kuala Lumpur, Malaysia. 
 
DOE (Department of Environment), (2009). Environmental Quality Report (EQR) 2009, 
Kuala Lumpur, Malaysia. 
 
DOE (Department of Environment), (2010). Environmental Quality Report (EQR) 2010, 
Kuala Lumpur, Malaysia. 
  
Dogliotti, A. I., Ruddick, K. G., Nechad, B., Doxaran, D. and Knaeps, E. (2015). A single 
algorithm to retrieve turbidity from remotely-sensed data in all coastal and estuarine 
waters. Remote Sensing Environmental, 156, 157-168. 
  
Domingues, R. B., Anselmo, T. P., Barbosa, A. B., Sommer, U. and Galváo, H. M. 
(2011). Nutrient limitation of phytoplankton growth in the freshwater tidal zone of 
a turbid, Mediterranean estuary. Estuarine Coastal Shelf Science, 91(2), 292-297. 
 
EC (Environment of Canada), (2013). Federal Environmental Quality Guidelines 
Cobalt, Canadian Environmental Protection Act, 1999. 
177 
Ekhwan, M., Amri, M. K., Muhammed, B. G., Mokhtar, J., Nor Azlina, A. A. and Lun, 
P. L. (2012). Water quality status and hydrological analysis in the upper tropical 
river, Malaysia. International Journal of Agriculture and Crops Science, 4(2), 33-
39. 
 
El, A.M., Lashin, A., Abdalla, F., Albassam, A., (2017). Assessing the hydrogeochemical 
processes affecting groundwater pollution in arid areas using an integration of 
geochemical equilibrium and multivariate statistical techniques. Environmental 
Pollution, 229, 760–770. 
 
El-Sayed, E. O. (2016). Environmental modelling of heavy metals using pollution indices 
and multivariate techniques in the soil of Bahr El Baqar, Egypt. Modelling Earth 
Systems and Environment, 2-119. 
 
Emanuele, F., Flavio, F. and Valerio, D. (2018). Spectrophotometric methods for the 
measurement of soil pH: A reappraisal. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 204, 113–118. 
 
Enkhtsetseg, D., Qianli, M., Qu, X., Chih-Long, T., Marco, G., Gino, M. and Frank, T. 
(2018). The influence of water on the electrical conductivity of aluminium-
substituted lithium titanium phosphates. Solid State Ionics, 321, 83-90. 
 
EPA. (2013). Aquatic life ambient water quality criteria for ammonia-freshwater 2013. 
Office of Science and Technology, Washington, DC. 
 
EQR. (2016). Environmental Quality Report 2015: Department of Environment. 
Ministry of Natural Resources and Environment. Malaysia. ISSN 9789839795295. 
Retrieved from https://enviro.doe.gov.my/ekmc/digital-content/environmental-
quality-report-2015/ 
 
Eric, V. N., and Heinz, G. S. (2012). Road salt impact on lake stratification and water 
quality. American Society of Civil Engineers, 138(12), 1069-1080. 
  
Erisman, J. W., Galloway, J. N., Seitzinger, S., Bleeker, A., Dise, N. B. and Petrescu, A. 
R. (2013). Consequences of human modification of the global nitrogen cycle. 
Philosophical Transactions of the Royal Society. B. Biological Science, 368,1621. 
  
Fallah-Mehdipour, E., Bozorg, H. O. and Mariňo, M. A. (2011a). MOPSO algorithm and 
its application in multipurpose multi-reservoir operations. Journal of Hydro 
informatic, 13(4), 794-811. 
Fallah-Mehdipour, E., Bozorg, H. O. and Mariňo, M. A. (2012a). Real-time operation of 
reservoir system by genetic programming. Water Resources and Management, 
26(14), 4091-4103. 
  
Fang, Q., Zhang, D. L. and Wong, L. N. Y. (2011). Environmental risk management for 
a cross interchange subway station construction in China. Tunn. Undergr. Space 
Technology, 34(3), 1-14. 
 
178 
Farhad., F. H. (2017). An assessment of surface water chemistry with its possible sources 
of pollution around the Barapukuria Thermal Power Plant impacted area, Dinajpur, 
Bangladesh. Groundwater for Sustainable Development, 5, 38–48. 
  
Faridah, O., Alaa Eldin, M. E. and Ibrahim, M. (2012). Trend analysis of a tropical urban 
river water quality in Malaysia. Journal of Environmental Monitoring, 14, 3164-
3173. 
 
Feng, Z., Huifeng, X., Xuemei, M. and Haining, W. (2017). Grey prediction model for 
the chemical oxygen demand emissions in industrial waste water: An empirical 
analysis of China. Procedia Engineering, 174, 827-834. 
  
Francis-Floyd, R., Watson, C., Petty, D. and Pouder, D. B. (2012). Ammonia in aquatic 
systems. Fisheries and Aquatic Sciences Department, Florida Cooperative 
Extension Service, Institute of Food and Agricultural Sciences. The University of 
Florida. Pp. 1-4. 
  
Fox, D. R. (2014). Probability-weighted indices for improved ecosystem report card 
scoring. Environmentrics, 25, 351-360. 
  
Gandaseca, S., Rosli, N., Ngayop, J. and Arianto, C. I. (2011). Status of water quality 
based on the physico-chemical assessment of river water at wildlife sanctuary Sibuti 
mangrove forest, Miri Sarawak. American Journal of Environmental Science, 7 (3), 
269-275. 
  
Gandhi, K. T. (2012). A study of water quality parameters to better manage our ponds or 
lakes. International Journal of Research Science & Technology, 1, 359-363. 
  
Garg, R., Roe, R. and Uchchariya, D. (2010). Seasonal variations in water quality and 
major threats to Ramsagar reservoir, India. African Journal of Environmental 
Science & Technology, 4(2), 61-76. 
 
Gevorg, T., Lilit, S., Olga, B., Shushanik, A. and Armen, S. (2018). Continuous impact 
of mining activities on soil heavy metals levels and human health. Journal of Science 
of the Total Environment, 639, 900-909. 
 
Gianluigi, B., Emilio, C., Nerantzis, K., Nicolo, C., Micol, M., Dario, T. and 
Konstantinos, V. (2018). Multivariate statistical analysis to 
characterize/discriminate between anthropogenic and geogenic trace elements 
occurrence in the Campania Plain, Southern Italy. Environmental Pollution, 34, 260-
269. 
 
Golia, E. E., Dimirkou, A., and Mitsios, I. K. (2008). Influence of soil parameters on 
heavy metals accumulation by vegetables grown in agriculture soils of different 
orders. Bulletin of Environmental Contamination & Toxicology, 81, 80-84. 
  
179 
Gowd, S. S., Reddy, M. R. and Govil, P. K. (2010). Assessment of heavy metal 
contamination in soils at Jajmau (Kanpur) and Unnao industrial area of the Ganga 
plain, Uttar Pradesh, India. Journal of Hazardous Material, 174, 113-121. 
 
Grealish, G. and Fitzpatrick, R. (2013). Acid sulfate soil characterization in Negara 
Brunei Darussalam: a case study to inform management decisions. Soil Use and 
Manage, 29(3): 432-444.  
 
Grigoratos, T., Samara, C., Voutsa, D., Manoli, E. and Kouras, A. (2014). Chemical 
composition and mass closure of ambient coarse particles at traffic and urban 
background sites in Thessaloniki, Greece. Environmental Science Pollution. Rec, 
21, 7708-7722. 
  
Grison. (2015). Introduction: Toward an ecology of industrial pollution? In C. G. E. 
Biton (Ed.), Ecocatalysis (pp. vii-xvi): Elsevier. 
  
Guangliang, Z., Junhong, B., Qingqing, Z., Qiongqiong, L., Jia, J. and Xiaojun, W. 
(2016). Heavy metals in wetland soils along a wetland-forming chronosequence in 
the Yellow River Delta of China: Levels, sources, and toxic risks. Ecological 
Indicators, 69, 331-339. 
 
Guannan, L., Juan, W., Xuan, L., Xinhui, L., Xuan, L., Xiaosai, L., Yaqiong, R, Jing, W. 
and Liming, D. (2018). Partitioning and geochemical fractions of heavy metals from 
geogenic and anthropogenic sources in various soil particle size fractions. 
Ganoderma, 312, 104-113. 
  
Guo, G., Wu, F., Xie, F. and Zhang, R. (2012). Spatial distribution and pollution 
assessment of heavy metals in urban soils from southwest China. Journal of 
Environmental Science, 24(3), 410-418. 
 
Guo, X., Zuo, R., Shan, D., Cao, Y., Wang, J. and Teng, Y. (2017). Source apportionment 
of pollution in groundwater source area using factor analysis and positive matrix 
factorization methods. Human Ecological Risk Assessment, 23 (6), 1417–1436. 
  
Gyawali, S., Techato, K. and Yuangyai, C. (2012). Effects of industrial waste disposal 
on the surface water quality of U-tapao river, Thailand. In 2012. International 
Conference on Environmental Science and Engineering, Pp. 109-113. 
  
HACH. (2005). Water analysis guide. 1st Edn., ASTM, USA., Philadelphia, pp: 212. 
 
Hachicha, M., Kahlaoui. B., Khamassi, N., Misle, E. and Jouzdan, O. (2018). Effect of 
electromagnetic treatment of saline water on soil and crops. Journal of Saudi Society 
of Agricultural Sciences, 17, 154–162. 
  
Haiyong, D. And Andrew, J. E. (2015). Spatio-temporal patterns in water surface 
temperature from Landsat time series data in the Chesapeake Bay, U.S.A. Remote 
Sensing Environment, 168, 335-348. 
 
180 
Haji, G.M., Melesse, A.M. and Reddi, L. (2017). Water quality assessment and 
apportionment of pollution sources using APCS-MLR and PMF receptor modeling 
techniques in three major rivers of South Florida. Science Total Environment, 566-
567, 1552–1567. 
  
Haque, M. A., Huang, Y. F. and Lee, T. S. (2010). Seberang Perai rice scheme irrigation 
water quality assessment. Journal – The Institution of Engineers, Malaysia, 71(4), 
42-49.  
  
Hart, J. M., Sullivan, D. M., Anderson, N. P., Hulting, A. G., Horneck, D. A. and 
Christensen, N. W. (2013). Soil acidity in Oregon: understanding and using concepts 
for crop production. EM 9061. Oregon State University Extension Service. 
  
Hassimi, A. H., Siti Rozaimah, S. A., Siti Kartom, K. and Noorhisham, T. K. (2011). 
Response surface methodology for optimization of simultaneous COD, NH+4-N and 
Mn+2 removal from drinking water by the biological aerated filter. Desalination, 
275, 50-61. 
 
Hazim, M. (2012). Macrobenthos as a potential bioindicator for tropical rivers. Ph.D. 
Thesis, Faculty of Civil Engineering, Universiti Teknologi Malaysia. 
  
He, G. Z., Lu, Y. L., Ma, H. and Wang, X. L. (2007). Multi-indicator assessment of water 
environment in government environmental auditing. Journal of Environmental 
Science, 19, 494-501.  
  
He, B., Kanae, S., Oki, T., Hirabayashi, Y., Yamashiki, Y. and Takara, K. (2011). 
Assessment of global nitrogen pollution in rivers using an integrated 
biogeochemical modeling framework. Water Research, 45, 2573-86. 
  
Hefni, E., Romanto. and Yusli, W. (2015). Water quality status Ciambulawung River, 
Banten Province, based on pollution index and NSF-WQI. Procedia Environmental 
Sciences, 24, 228-237. 
  
Hegazi, M. M. A. (2011). Effect of chronic exposure to sublethal of ammonia 
concentrations on NADP + -dependent dehydrogenases of Nile tilapia liver Mona 
M. A. Hegazi. Egyptian Journal of Aquatic Biology & Fisheries, 15(1), 15-27. 
  
Hermann, B. G., Kroeze, C., and Jawjit, W. (2007). Assessing environmental 
performance by combining life cycle assessment, multi-criteria analysis, and 
environmental performance indicators. Journal of Clean Production, 15(18), 1787-
1796. 
  
Hongbin, Y., Ming, K., Meixiang, H., and Chengxin, F. (2016). Influence of sediment 
resuspension on the efficacy of geoengineering materials in the control of internal 
phosphorous loading from shallow eutrophic lakes. Environmental Pollution, Xxx, 
1-12. 
  
181 
Hongjie, S., Jiajia, L., Longsheng, T. and Zhou, Y. (2012). Responses of crucian carp 
Carassius auratus to long-term exposure to nitrite and low dissolved oxygen levels. 
Biochemical Systematics and Ecology, 44, 224-232. 
  
Hossain, M. A., Sujaul, I. M., Nasly, M. A. and Aziz, E. A. (2012). Assessment of spatial 
variation of surface water quality in Gebeng Industrial Estate, Pahang, Malaysia. 
International Journal of Civil Engineering & Geo-Environment, 3(1), 51-56. 
  
Hossain, M. A., Sujaul, I. M., Nasly, M. A., Wahid, Z. A. and Aziz, E. A. (2012). 
Assessment of spatial variation of water quality of Tunggak river adjacent to Gebeng 
Industrial Estate, Malaysia. In Proceedings of 3rd International Conference on 
Environmental Aspects of Bangladesh [ICEAB 2012], Pp, 9-12. 
  
Hossain, M. A., Sujaul, I. M. and Nasly, M. A. (2013a). Water quality index: An indicator 
of surface water pollution in the Eastern part of Peninsular Malaysia. Journal of 
Science Research, 2 (10), 10-17. 
  
Hossain, M. A., Sujaul, I. M. and Nasly, M. A. (2013b). Surface water quality assessment 
of Tunggak River Gebeng, Pahang, Malaysia. In 4th International Conference on 
Water & Food Management (ICWFM-2013). Dhaka, Bangladesh, Pp, 47-53. 
  
Hossain, M. A., Sujaul, I. M. And Nasly, M. A. (2014). Application of QUAL2Kw for 
water quality modelling in the Tunggak River, Kuantan, Pahang, Malaysia. 
Research Journal of Recent Science, 3(6), 6-14. 
 
Hossain, M. A. (2014). Assessment of industrial pollution and water quality modelling 
of Tunggak River at Gebeng Pahang, Malaysia. The thesis of doctor of philosophy 
in engineering, faculty of civil engineering and earth resources, University Malaysia 
Pahang. 
 
Hou, L. J., Liu, M. and Jiang, H. Y. (2014). Ammonium adsorption by tidal flat surface 
sediments from the Yangtze Estuary. Geology, 45, 72-78. 
 
Hu, B. F., Shao, S., Fu, Z. Y., Li, Y., Ni, H., Chen, S. C., Zhou, Y., Jin, B., Shi, Z. (2019). 
Identifying heavy metal pollution hot spots in soil-rice systems: A case study in 
South of Yangtze River Delta, China. Science of Total Environment, 658, 614-625. 
  
Huang, P., Zhang, J. B., Xin, X. L., Zhu, Q. G., Zhang, C. Z., Ma, D. H., Zhu, Q. G., 
Yang, S. and Wu, S. J. (2015). Proton accumulation accelerated by heavy chemical 
nitrogen fertilization and its long-term impact on acidifying rate in a typical arable 
soil in Huang-Huai-Hai Plain. Journal of Integrative Agriculture, 14, 148-157. 
  
Hutchins, M. (2012). What impact might mitigation of diffuse nitrate pollution have on 
river water quality in a rural catchment? Journal of Environmental Management, 
109(30), 19-26. 
  
IARC, (2016). IARC monographs on the evaluation of carcinogenic risks to human. 
Volumes 1-115. Available at: 
182 
http://monographs.iarc.fr/ENG/Classification/latest_classif.php (accessed on Apr 
12, 2016). 
  
Ibrahim, M., Bocar, A., Ming, L., Changxiu, G., Peng, C., Wei, L. and Qiaoyun, H. 
(2010). Fractionation of copper and cadmium and their binding with soil organic 
matter in a contaminated soil amended with organic materials. Journal of Soils 
Sediments, 10, 973-982. 
  
Ideriah, T., Amachree, O., and Stanley, H. (2010). Assessment of water quality along 
Amadi creek in Port Harcourt, Nigeria. Scientia Africana, 9 (1), 150-162. 
  
Idris, M. A., Kolo, B. G., Garba, S. T. and Waziri, I. (2013). Pharmaceutical industrial 
effluent: Heavy metal contamination of surface water in Minna, Niger State, Nigeria. 
Bulletin of Environmental, Pharmacology & Life Sciences, 2(3), 40-44.  
  
Ijaz, H., Muhammad, S., Muhammad, F., Zameer A. S., Munawar, H. and Tajammal, H. 
(2014). Distribution of total dissolved solids in drinking water by means of bayesian 
kriging and gaussian spatial predictive process. Water Quality, Exposure & Health, 
6, 177-185. 
 
Imran, S., Raja, U. S., Ma. Cristina, P., Sheeraz, A. M., Bum-Yeon, L., Chinzorig, S. and 
Chang-Hee, L. (2019). Comparison of two receptor models PCA-MLR and PMF for 
source identification and apportionment of pollution carried by runoff from 
catchment and sub-watershed areas with mixed land cover in South Korea. Science 
of the Total Environment, 663 (2019), 764–775. 
  
Iqbal, J., Mumtaz, M. W., Mukhtar, H., Iqbal, T., Mahmood, S. and Razaq, A. (2010). 
Particle size distribution analysis and physicochemical characterization of Chenab 
River water at Marala head works. Pakistan Journal of Botany, 42(2), 1153-1161. 
  
Islam, M. S., Tusher, T. R., Mustafa, M. and Mahmud, S. (2012). Hydrological 
assessment and water quality characteristics of Chini Lake, Pahang, Malaysia. 
American-Eurasian Journal of Agriculture & Environmental Science, 12(6), 737-
749. 
  
Islam, M. S., Ahmed, M. K., Habibullah, A. M., Islam, K. N., Ibrahim, M. and Masunaga, 
S. (2014). Arsenic and lead in food: a potential threat to human health in Bangladesh. 
Food. Additives & Contaminants. Part A 31(12), 1982-1992. 
 
Itankar, N. And Patil, Y. (2014). Management of hexavalent chromium from industrial 
waste using low-cost waste biomass. Social and Behavioural Science, 133, 219-224. 
  
Ivan, I. A., Stihi, V., Ivan, M., Stihi, M. and Jelea, A. (2011). Battery powered cost- 
effective TDS logger intended. Romanian Journal of Physics, 56(3-4), 540-549. 
 
Jechan, L., Jong-Min, J., Chanhyuk, P., Byong-Hun, J., Chi-Hwa, W., Sang-Ryong, L. 
and Eilhann, E. K. (2017). Rapid conversion of fat, oil and grease (FOG) into 
183 
biodiesel without pre-treatment of FOG. Journal of Cleaner Production, 168, 1211-
1216. 
  
Jessica, M. W., Yuxin, W., and Jeanne, M. V. (2014). Sources of high total dissolved 
solids to drinking water supply in Southwestern Pennsylvania. Journal of 
Environmental Engineering, 140(5), B4014003. 
 
Jiang, Y. X., Chao, S. H., Liu, J. W., Yang, Y., Chen, Y. J., Zhang, A. C., Cao, H. B. 
(2017). Source apportionment and health risk assessment of heavy metals in soil for 
a township in Jiangsu Province, China. Chemosphere, 168, 1658. 
 
Jinhui, H., Shiting, G., Guang-ming, Z., Fei, L., Yanling, G., Yahui, S., Lixiu, S., 
Wenchu, L. and Shuying, P. (2018). A new exploration of health risk assessment 
quantification from sources of soil heavy metals under different land use. 
Environmental Pollution, 243, 49-58. 
  
Johri, N., Jacquillet, G. and Unwin, R. (2010). Heavy metals poisoning the effects of 
cadmium on the kidney. Biometals, 23(5), 782-793. 
 
Juahir, H., Zain, S. M., Yusoff, M. K., Hanidza, T. I. T., Armi, A. S. M.; Toriman, M. 
F.; Mokhtar, M. (2010). Spatial water quality assessment of Langat River Basin 
(Malaysia) using environmetric techniques. Environmental Monitoring Assessment, 
173:625-641. http://dx.doi.org/10.1007/s10661-010-1411-x. 
Jumpei, S., Masahiro, I., Daisuke, N., Ryosuke, Y. and Masafumi, F. (2018). Effects of 
water turbidity and different temperatures on oxidative stress in caddisfly 
(Stenopsyche marmorata) larvae. Journal of Science and the Total Environment, 
630, 1078–1085. 
Jun-Jie, Z., Lulu, K. and Paul, R. A. (2018). Predicting influent biochemical oxygen 
demand: Balancing energy demand and risk management. Water Research, 128, 
304-313. 
Juying, Z and Qiuqin H. (2019). Does industrial air pollution drive health care 
expenditures? Spatial evidence from China. Journal of Cleaner Production, 218 
(2019), 400-408. 
Kai, Y., Jian, X., Xiaohong, J., Cun, L., Wesley, M. and Jinlong, L. (2017). Stabilization 
of heavy metals in soil using two organo-bentonites. Chemosphere, 184, 884-891. 
 
Kanu, I. and Achi, O. (2011). Industrial effluents and their impact on water quality of 
receiving river in Nigeria. Journal of Applied Technology Environmental Sanitation, 
1(1), 75-86. 
  
Karimi, H. R., and Nasrolahpour, S. M. (2016). Study of sex-related differences in 
growth indices and eco-physiological parameters of pistachio seedlings (Pistacia 
184 
vera cv. Badami-Riz-e-Zarand) under salinity stress. Scientia Horticulturae, 202, 
165-172.   
  
Kaushal, S. S., Likens, G. E., Jaworski, N. A., Pace, M. L., Sides, A. M. and Seekell, D. 
(2010). Rising stream and river temperature in the United State. Frontiers in 
Ecological & Environment, 8(9), 461-466. 
  
Kemker, C. (2014). Turbidity, total suspended solids, and water clarity. Fundamentals of 
environmental measurements. fondriest environmental, web. 
(http://www.fondriest.com/environmental-measurements/parameters/water-
quality/turbidity-total-suspended-solids-water-clarity/). 
  
Khadhar, S., Charef, A., Hidri, Y. and Higashi, T. (2013). The effect of long-term soil 
irrigation by wastewater on organic matter, polycyclic aromatic hydrocarbons, and 
heavy metals evolution: a case study of Zaouit Sousse (Tunisia). Arabian Journal of 
Geosciences, 6, 4337-4346. 
  
Khalik, W. M. A. W. M., Abdullah, M. P., Amerudin, N. A. and Padli, N. (2013). 
Physicochemical analysis on water quality status of Bertam River in Cameron 
Highlands. Journal of Material & Environmental Science, 4(4), 488-495. 
  
Khan, M. Z., and Mostafa, M. G. (2011). Aerobic treatment of pharmaceutical 
wastewater in a biological reactor. International Journal of Environmental Science, 
1, 1797-1805. 
  
Kissel, D. E., Sonon, L. S. and Cabrera, M. L. (2012). Rapid measurement of soil pH 
buffering capacity. American Journal of Soil Science & Society, 76, 694-699. 
  
Krol, A., Lipiec, J., Turski, M. and Kus, J. (2013). Effects of organic and conventional 
management on physical properties of soil aggregates. International Agrophysics, 
27, 15-21. 
 
Kunming, L., Liting, F. and Lerong, H. (2019). How population and energy price affect 
China's environmental pollution? Journal of Energy Policy, 129 (2019), 286-296.   
 
Lasier, P. and Hardin, I. (2010). Observed and predicted reproduction of Ceriodaphia 
dubia exposed to chloride, sulfate, and bicarbonate. Environmental Toxicology & 
Chemistry, 29(2), 347-358. 
 
Lassiter, A. W. (2010). Charleston harbor marina copper study, South Carolina, United 
States. 
 
Li, M., Rui, Z., Jin-sheng, W., Jie, Y., Yan-guo, T., Rong-tao, S. and Yuan-zheng, Z. 
(2018). Apportionment and evolution of pollution sources in a typical riverside 
groundwater resource area using PCA-APCS-MLR model. Journal of Contaminant 
Hydrology, 218 (2018), 70–83 
  
185 
Lin, Y. and Garcia, L. A. (2012). Assessing the impact of irrigation return flow on river 
salinity for Colorado’s Arkansas River Valley. American Society of Civil Engineers, 
138(5), 406-415. 
 
Lisi, P. J., Schindler, D. E., Bentley, K. T. and Pess, G. R. (2013). Association between 
geomorphic attributes of watersheds, water temperature, and salmon spawn timing 
in Alaskan stream. Geomorphology, 185, 78-86. 
  
Liu, J., Weinbauer, M., Maier, C., Dai, M. and Gattuso, J. (2010). Effect of ocean 
acidification on microbial diversity and on microbe-driven biogeochemistry and 
ecosystem functioning. Aquatic Microbial & Ecology, 61 (3), 291-305. 
  
Liu, H., Zhou, Y., Xiao, W., Ji, L., Cao, X. and Song, C. (2012). Shifting nutrient-
mediated interactions between algae and bacteria in a microcosm: evidence from 
alkaline phosphatase assay. Microbial. Research, 167(5), 292-8. 
  
Liza, E. T. (2013). Assessment of heavy metal deposition in surface water and sediment 
in Balok and Tunggak River, Kuantan, Pahang. The thesis of the master of 
engineering, faculty of civil engineering and earth resource, University Malaysia 
Pahang. 
  
Lokhande, R. S., Pravin, U. S. and Deepali, S. P. (2011). Pollution in water of Kasardi 
River flowing along Taloja Industrial Area of Mumbai, India. International Journal 
of Ecosystem, 1(1), 1-9. 
  
Lu, Q. Q., Bai, J. H., Gao, Z. Q., Zhao, Q. Q. and Wang, J. J. (2014). Spatial and seasonal 
distribution and risk assessment for metals in a Tamarix Chinensis wetland, China. 
Wetlands, http://dx.doi.org/10.1007/s13157-014-0598-y. 
  
Luo, Ch., Yang, R., Wang, Y., Li, Y., Zhang, G. and Li, X. (2012). Influence of 
agricultural practice on trace metals in soils and vegetation in the water conservation 
area along the East River (Dongjiang River), South China. Science of the. Total 
Environment, 431, 26-32. 
  
Maanan, M., Saddik, M., Maanan, M., Chaini, M., Assobhei, O. and Zourarah, B. (2015). 
Environmental and ecological risk assessment of heavy metals in sediments of 
Nador lagoon. Ecological Indicators, 48, 616-626. 
 
Mallin, M. and Mclver, M. (2012). Pollutant impacts to Cape Hatteras National Seashore 
from urban runoff and septic leachate. Marin Pollution Bulletin, 64(7), 1356-66. 
 
Marchant, B. P., Saby, N. P. A. and Arrouays, D. (2017). A survey of topsoil arsenic and 
mercury concentrations across France. Chemosphere, 181, 635-644. 
  
Marta, F. T., Cristina, M. C., Pedro, M. M., and Joăo, L. M. (2013). An automated multi-
pumping flow system with spectrophotometric detection for the determination of 
phosphate in natural waters. Analytical Letters, 46, 1769-1778. 
  
186 
Martin, J. A., Arana, C. D., Ramos, M. J., Gil, C. and Boluda, R. (2015). Impact of 70 
years urban growth associated with heavy metal pollution. Environmental Pollution, 
196, 156-163. 
  
Masrur, A. A., and Syed, M. A. (2015). Application of adaptive neuro-fuzzy inference 
system (ANFIS) to estimate the biological oxygen demand (BOD) of Surma River. 
Journal of King Saud University – Engineering Sciences, (2015) xxx, xxx-xxx. 
 
Masrur, A. A. (2017). Prediction of dissolved oxygen in Surma River by biochemical 
oxygen demand and chemical oxygen demand using the artificial neural networks 
(ANNs). Journal of King Saud University- Engineering Sciences, 29, 151–158. 
  
Massoud, M. A. (2012). Assessment of water quality along with a recreational section of 
the Damour River in Lebanon using the water quality index. Environmental 
Monitoring Assessment, 184, 4151-4160. 
 
Mastrocicco, M., Colombani, N., Di Giuseppe, D., Faccini, B., Ferretti, G. and Coltorti, 
M. (2016). Abnormal trace element concentrations in a shallow aquifer belonging 
to saline reclaimed environments. Codigoro (Italy). Rendiconti Lincei, 27(1), 95-
104.  
  
Matthew, R. (2012). Determination of biochemical oxygen demand of area waters: A 
bioassay procedure for environmental monitoring. Journal of Chemical Education, 
89, 807-811. 
  
Mayer, B., Shanley, J. B., Bailey, S. W. and Mitchell, M. J. (2010). Identifying sources 
of stream water sulfate after a summer drought in the Sleepers River watershed 
(Vermont, USA) using hydrological, chemical, and isotopic techniques. Applied 
Geochemistry, 25, 747-754. 
 
Md. Saiful, I., Md. Kawser, A., Md. Habibullah-Al-Mamun, S. and Md. Asraful, I. 
(2017). Sources and ecological risk of heavy metals in soils of different land uses in 
Bangladesh, Pedosphere, 10.1016/S1002-0160(17)60394-1. 
 
Md. Saifur, R., Abu Hanifa, M. N. and Farihana, S. (2017). Does economic growth in 
Malaysia depend on disaggregate energy? Renewable and Sustainable Energy 
Reviews, 78 (2017), 640–647 
  
Meays, C. and Nordin, R. (2013). Ambient water quality guidelines for sulphate, Ministry 
of Environment, Province of British Columbia. 
  
Mehrnoosh, A., Najmeh, G., Kamyar, Y., Mohammad, R., Mahsa, J., Alidad, K. and 
Reza, S. (2015). A modified drinking water quality index (DWQI) for assessing 
drinking source water quality in rural communities of Khuzestan Province, Iran. 
Ecological Indicators, 53, 283-291. 
 
Mendoza, O.T., Ruiz, J., Villaseñor, E.D., Guzmán, A.R., Cortés, A. and Souto, S.A.S. 
(2016). Water-rock-tailings interactions and sources of sulfur and metals in the 
187 
subtropical mining region of Taxco, Guerrero (southern Mexico): a multi-isotopic 
approach. Appl. Geochem, 66, 73–81. 
 
MNRE. (2009). Environmental Quality (Industrial Effluent) Regulations 2009, Ministry 
of Natural Resources and the Environment, Malaysia. 
  
Mo, C., Xiao-Hong, L., Yu-Hong, H. and et al. (2016). Increasing sulfate concentrations 
result in higher sulfide production and phosphorous mobilization in a shallow 
eutrophic freshwater lake. Journal of Water Research, 96, 49-104. 
 
MOE. (2011), Soil, Ground Water and Sediment Standard for Use Under Part XV. 1 of 
the Environment Protection Act, Ministry of Environment, Ontario, Canada. 
  
Mohamad, J. A., and Mohamad, R. K. (2015). Development of Wavelet-ANN models to 
predict water quality parameters in Hilo Bay, Pacific Ocean. Marine Pollution 
Bulletin, 98, 171-178. 
 
Mohammad, H. and Assefa, M. M. (2017). Assortment and spatiotemporal analysis of 
surface water quality using cluster and discriminant analyses. Catena, 151, 247-258. 
 
Mohammed, A. H., Nasly, M. A., Mir, S. I. and Hossain, H. M. (2015). Spatial 
distribution and source apportionment of heavy metals in the soil of Gebeng 
industrial city, Malaysia. Environmental & Earth Sciences, 73, 115-126. 
  
Mohd, S. S., Hafizan, J., Sharifuddin, M. Z. And Nur, H. A. (2011). Surface river water 
quality interpretation using environmetric techniques: Case study at Perlis River 
Basin, Malaysia. International Journal of Environmental Protection. IJEP Vol. 1 
No. 5, PP. 1-8. 
  
Mohd, Z. A., Rafie, A. I. and Nur, I. M. (2014). Statistical analysis of heavy metal 
concentration in moss and soil as an indicator of industrial pollution. International 
Journal of Science. Environmental & Technology, Vol. 3, No 3, 762-775. 
 
Mohd, Z. A. (2015). Metal pollution and ecological risk assessment of the Balok river 
sediment, Pahang Malaysia. American Journal of Environmental Engineering, 
5(3A): 1-7. 
 
Monica, F. and Antonella, I. (2019). Encyclopedia of Bioinformatic and Computational 
Biology: Correlation Analysis. Encyclopedia, Volume 1, 2019, Page 706-721. 
  
Mostafa, F., Omid, B. H., Samaneh, S. A. and Hugo, A. L. (2015). Assimilative capacity 
and flow dilution for water quality protection in rivers. Journal of Hazardous, Toxic 
Radioact & Waste, 19(2), 4001-4027. 
  
Motavalli, P. P., Udawatta, R. P. and Bardhan, S. (2013). Apparent soil electrical 
conductivity used to determine soil phosphorus variability in poultry litter amended 
pastures. American Journal of Experimental Agriculture. 3(1), 124-141. 
   
188 
Muhammad, S., Nanthakumar, L., Ahmed, T. M., Khalid, A. and Muhammad, A. J. 
(2016). How urbanization affects CO2 emissions in Malaysia? The application of 
STIRPAT model. Renewable and sustainable energy reviews, 57, 83-93. 
  
Muhid, P., Davis, T. W. and Bunn, S. E. (2013). Effects of inorganic nutrients in the 
recycled water on freshwater phytoplankton biomass and composition. Water 
Research, 47, 384-394. 
 
Muller, G. (1981). The heavy metals pollution of sediments of Neckars and its tributary: 
stocktaking. Zeitung. 105: 157-164. 
 
Nabeel, M. G., M, K. Yusoff., Ahmad, Z. A. And Hafizan, J. (2012). Artificial neural 
network modelling of the water quality index for Kinta River (Malaysia) using water 
quality variables as predictors. Marine Pollution Bulletin, DOI: 10. 1016. 
  
Naddeo, V., Scannapieco, D., Zarra, T. and Belgiorno, V. (2013). River water quality 
assessment: Implementation of non-parametric tests for sampling frequency 
optimization. Land Use Policy, 30(1), 197-205. 
 
Namhyun, K. (2011). The limit distribution of a modified Shapiro–Wilk statistic for 
normality to Type II censored data. Journal of the Korean Statistical Society, 40, 
257–266. 
 
Nasly, M. A., Hossain, M. A. and Mir, S. I. (2013). Water quality index of Sungai 
Tunggak: An analytical study. 3rd international conference on chemical, biology and 
environment science (ICCEB’2013) January 8-9, 2013 Kuala Lumpur (Malaysia). 
 
Nasrabadi, T., Ruegner, H., Sirdari, Z. Z., Schwientek, M. and Grathwohl, P. (2016). 
Using total suspended solids (TSS) and turbidity as proxies for evaluation of metal 
transport in river water. Journal of Applied Geochemistry, 68,1-9. 
 
Nazeer, S., Hashmi, M. Z. and Malik, R. N. (2014). Heavy metals distribution, risk 
assessment and water quality characterization by water quality index of the river 
Soan, Pakistan. Ecological Indicators, 43, 262-270. 
 
Nestler, A., Berglund, M., Accoe, F., Duta, S., Xue, D. M. and Boeckx, P. (2011). 
Isotopes for improved management of nitrate pollution in aqueous resources: a 
review of surface water field studies. Environmental Science & Pollution Research, 
18, 519-33. 
  
Ni, J., Liu, M., Ren, L. and Yang, S. (2014). A multiagent Q-learning-Based optimal 
allocation approach for the urban water resource management system. Transaction 
on Automation Science & Engineering, 11, 204-214. 
 
 Nilesh, S. D. And Mausumi, M. (2012). Removal of oil and grease using immobilized 
triacylglycerol lipase. International Journal of Biodeterioration& Biodegradation, 
68, 65-70. 
  
189 
Nitin, K. S., Absar, A. K. and Markus, S. (2016). Treatment performance and microbial 
diversity under dissolved oxygen stress conditions: Insights from a single stage 
IFAS reactor treating municipal wastewater. Journal of the Taiwan Institute of 
Chemical Engineers, 000, 1-7. 
   
Nobumitsu, S., Roslan, M. Y., Marni, S., Minoru, Y. and Mustafa, A. M. (2016). Spatial 
analysis and source profiling of beta-agonists and sulphonamides in Langat River 
basin, Malaysia. Science of the Total Environment, 548-549, 43-50.  
  
Nor, A. Z., Aminuddin, A. G., Suhaimi, A. T., Ngai, W. C. and Mohamed, N. M. (2013). 
Urban water cycle processes, management, and societal interactions: Crossing from 
crisis to sustainability. World Environmental & Water Resources Congress, 
American Society of Civil Engineers (ASCE 2013). 
  
Nor, W., Sulaiman, A., and Darulehsan, S. (2013). Water quality index of the selected 
station at Rasau River, Ayer Hitam Forest. International Journal of Water Research, 
1 (2), 37-42. 
  
Nyenje, P. M., Foppen, J. W. and Uhlenbrook, S. (2010). Eutrophication and nutrient 
release in urban areas of sub-Saharan Africa-A review. Science of the Total 
Environment, 408, 447-455. 
  
Pan, J., Plant, J., Voulvoulis, N., Oates, C. J. and Ihlenfeld, C. (2010). Cadmium levels 
in Europe: implications for human health. Environmental Geochemistry and Health, 
32(1): 1-12. 
  
Parmar, K. S., and Bhardwaj, R. (2014). Fractal, predictability index and variability in 
trends analysis of river-water dynamics. International Journal of River Basin 
Management, 12(4), 285-297. 
  
Patcharawalai, S., Chanagun, C., Niwooti, W., Jongkon, P. and Louis, L. (2015). Effect 
of water de-stratification on dissolved oxygen and ammonia in tilapia ponds in 
Northern Thailand. International of Aquatic Research, 7, 287-299. 
  
Paul, W. (2011). Impact of industrial effluents on water quality of receiving streams in 
Nakawa-Ntinda, Uganda. MS Thesis, Environmental and Natural Resources, 
Makerere University. 
 
Paulina, A. K., Ashlee, J. H., Omar, K. F. and Sanjit, N. (2018). Metal-organic 
frameworks for heavy metal removal from water. Coordination Chemistry Reviews, 
358, 92-107. 
  
Pawar, P. (2013). Monitoring of impact of anthropogenic inputs on water quality of 
mangrove ecosystem of Uran, Navi Mumbai, west coast of India. Marin Pollution 
Bulletin, 75(1), 291-230. 
 
190 
Pejman, A., Bidhendi, G. N., Ardestani, M., Saeedi, M. and Baghvand, A. (2015). Anew 
index for assessing heavy metals contamination in sediments: A case study. 
Ecological Indicators, 58, 365-373. 
 
Piwpuan, N., Zhai, X. and Brix, H. (2013). Nitrogen nutrition of Cyperus laevigatus and 
Phormium tenax: Effects of ammonium versus nitrate on growth, nitrate reductase 
activity, and N uptake. Aquatic Botany, 106, 42-51. 
 
Purushotham, D., Lone, M. A., Rashid, M., Rao, A. N. and Ahmed, S. (2012). 
Deciphering heavy metal contamination zones in soils of a granitic terrain of 
southern India using factor analysis and GIS. Journal of Earth System Science, 121, 
1059-1070. 
 
Qiangqiang, R., Yanpeng, C., Bing, C., Zhenyao, S., Zhifeng, Y., Wencong, Y. and 
Xuan, L. (2018). Field management of a drinking water reservoir basin based on the 
investigation of multiple agricultural nonpoint source pollution indicators in north 
China. Ecological Indicators, 92, 113-123. 
  
Qinxi, B., Runling, L., Zhijun, L., Matti, L., Lauri, A. and Ming, L. (2015). Time-series 
analysis of water temperature and dissolved oxygen concentration in Lake Valkea-
Kotinen (Finland) during ice season. Ecological Informatics, xxx (2015), xxx-xxx. 
  
Rahim, S., Mehmet, B. and Serkan, B. (2014). The comparison of different mathematical 
methods to determine the BOD parameters, a new developed method, and impacts 
of these parameters variations on the design of WWTPs. Applied Mathematical 
Modelling, 38, 641-658. 
  
Ram, S. L., Pravin, U. S. And Deepali, S. P. (2011). Pollution in water of Kasardi River 
flowing along Taloja Industrial Area of Mumbai, India. World Environment, 1(1), 
6-13. 
 
RAMP. (2013). Water quality indicators: Temperature and dissolved oxygen. Regional 
aquatic monitoring program. Retrieved August 31, 2013, from http://www.ramp-
alberta. Org/ river / water + sediment + quality /chemical / temperature + and + 
dissolved + oxygen.asp. 
  
Rashed, E. M., El-Shafei, M. M., Heikal, M. A. and Noureldin, A. M. (2014). Application 
of contact stabilization activated sludge for enhancing biological phosphorus 
removal (EBPR) in domestic wastewater. Housing &Building National Research 
Centre Journal, 10(1), 92-99. 
 
Rasyikah, M. K., Mazlin, B. M., Faridah, J., Suhaimi, A. R. and Christopher, S. (2018). 
Legal framing for achieving ‘good ecological status’ for Malaysian rivers: Are there 
lessons to be learned from the EU Water Framework Directive? Ecosystem Services, 
29 (2018), 251–259.  
  
Ravansalar, M., Rajaee, T. and Ergil, M. (2015). A hybrid model of wavelet with 
Artificial Neural Network for monthly prediction of river water quality. 
191 
Rayment, H. and Higginson, F. R. (1992). Australian laboratory handbook of soil and 
water chemical methods, Inkata Press, Melbourne. 
 
Razali, N. M., and Wah, Y. B. (2010). Power comparisons of some selected normality 
test. Paper presented at the Regional Conference on Statistical Sciences, Malaysia. 
  
Rees, W. E. (1992). Ecological footprint and appropriated carrying capacity: what urban 
economics leaves out. Environmental Urbanization, 4(2), 121-130. 
 
Risch, E., Gasperi, J., Gromaire, M.-C., Chebbo, G., Azimi, S., Rocher, V., Roux, P., 
Rosenbaum, R.K. and Sinfort, C., (2018). Impacts from urban water systems on 
receiving waters e how to account for severe wet-weather events in LCA? Water 
Res. 128, 412-423 
 
Ritchie, H., Roser, M., 2017. Air pollution. Published online at. OurWorldInData.org. 
https://ourworldindata.org/air-pollution. April, 2017. 
  
Rodriguez, G., Alegre, F. J. and Martinez, G. (2011). Evaluation of environmental 
management resources (ISO 14001) at civil engineering construction work sites: a 
case study of the community of Madrid. Journal of Environmental Management, 
92(7), 1858-1866. 
  
Rosli, N., Gandaseca, S., Ismail, J. and Jailan, M. I. (2010). Comparative study of water 
quality at different peat swamp forest of Batang Igan, Sibu Sarawak. American 
Journal of Environmental Science, 6 (5), 416-421. 
  
Rosso, D., Lothman, S. E., Jeung, M. K., Pitt, P., Gellner, W. J. and Stone, A. L. (2011). 
Oxygen transfer and uptake, nutrient removal, and energy footprint of parallel full-
s-cale IFAS and activated sludge processes. Water Research, 45(18), 5987-5996.  
 
Rügner, H., Schwientek, M., Beckingham, B., Kuch, B. and Grathwohl, B. (2013). 
Turbidity as a proxy for total suspended solids (TSS) and particle facilitated 
transport in catchments. Environmental & Earth Sciences, 69(2), 373-380. 
  
Rügner, H., Schwientek, M., Enger, M., and Grathwohl, B. (2014). Monitoring of event-
based mobilization of hydrophobic pollutants in rivers: Calibration of turbidity as a 
proxy for particle facilitated transport in field and laboratory. Science of the Total 
Environment, 490, 191-198. 
  
Ruiz, M.C., Romero, E., Perez, M. A. and Fernandez, I. (2012). Development and 
application of a multi-criteria spatial decision support system for planning 
sustainable industrial area in Northern Spain. Automation in Construction, 22, 320-
333. 
  
Saleem, M., Iqbal, J. and Shah, M. H. (2015). Geochemical speciation, anthropogenic 
contamination, risk assessment and source identification of selected metals in fresh 
water sediments-a case study from Mangla lake, Pakistan. Environ. Nanotechnology 
Monitoring & Management, 4, 27-36. 
192 
Salman, A. S., Che, S. M., Siti Azizah, M. N., Abu Hassan, A. and Arshad, A. (2010). 
Morphological deformities in Chironomus spp. (Diptera: Chironomidae) Larvae as 
a tool for impact assessment of anthropogenic and environmental stresses on three 
rivers in the Juru River System, Penang, Malaysia. Environmental Entomology, 
39(1), 210-222. 
  
Samir, G., Abdelhafidh, K., Badreddine, S. and Moncef, B. (2016). Assessment of heavy 
metal contamination in soil and Chlaenius (Chlaeniellus) olivieri (Coleoptera, 
Carabidae) in the vicinity of a textile factory near Ras Jbel (Bizerte, Tunisia). 
Environment & Earth Sciences, 2016, 75:442. 
 
Sara, G., Alessandro, S. and Miguel, M. (2018). Which are the most sensitive parameters 
for suspended solids modelling in free water surface constructed wetlands? 
Environmental Modelling & Software, 102, 115-119. 
  
Sardar, Y. M., Rumman, M. C. And Sardar, R. M. (2012). Assessment of water quality 
index of water bodies along Dhaka-Mawa-Bhanga Road. Proceedings of 3rd 
International Conference on Environmental Aspects of Bangladesh [ICEAB 2012]. 
Pp 30-32. 
  
Sarvenaz, N. and Mohsen, J. (2016). Effect of heavy metals on pH buffering capacity 
and solubility of Ca, Mg, K, and P in non-spiked and heavy metals-spiked soils. J. 
Environmental Monitoring Assessment, 188:342. 
 
Sayegh, H. (2011). Contamination of sachet water produced within industrial area. 
American Journal of Soil and Water, 1(2), 1-4. 
  
Schulze, P. C., and Frosch, R. A. (1999). Overview: Measures of environmental 
performance and ecosystem condition. National Academy Press, Washington, DC. 
  
Schulte, E, F. And Hopkins, B. G. (1996). Estimation of soil organic matter by weight 
loss-on-ignition. In Soil Organic Matter: Analysis and Interpretation. Soil Science 
Society of American Journal, WI., pp, 21-31. 
  
Schwientek, M., Rugner, H., Beckingham, B., kuch, B. and Grathwohl, P. (2013). 
Integrated monitoring of transport of persistent organic pollutants in contrasting 
catchments. Environmental Pollution, 172, 155-162. 
  
Seca, G., Noraini, R., Johin, N. And Chandra, I. A. (2011). Status of water quality based 
on the physicochemical assessment of river water at wildlife sanctury Sibuti 
mangrove forest, Miri Sarawak. American Journal of Environmental Science, 7 (3), 
269-275. 
 
Shah, B. and Pant, B. (2013). Water quality assessment of Sirsiya River. Nepal Journal 
of Science & Technology, 13(2): 141-146. 
  
193 
Shakhawat, C., Jafar, M. A., Omar, A. and Tahir, H. (2016). Heavy metals in drinking 
water: Occurrences, implications, and future needs in developing countries. Science 
of the Total Environment, 569-570, 476-488. 
  
Shapiro, S. S. and Wilk, M. B. (1965). An analysis of variance test for normality 
(complete samples). Biometrika, 52(3/4), 591-611. 
  
Shazia, I., Sadia, K., Iftikar, A., Tauseef, T., Vishandas, S. and Mahmood, M. H. (2013). 
Assessment of physicochemical parameters of wastewater samples. Environmental 
Monitoring Assessment, 185, 2503-2515. 
  
Singare, P. U., Lokhande, R. and Jagtap, A. (2010). Study of physicochemical quality of 
the industrial wastewater effluent from Gove industrial area of Bhiwandi City of 
Maharashtra, India. Interdisciplinary Environmental Review, 11(4), 263-273. 
  
Sobahan, M. A., Sujaul, A. M., Ideris, B. Z. and Hossain, M. A. (2013). Surface water 
contamination due to industrial activities in Gebeng area, Kuantan, Malaysia. 
International Conference on Civil and Architecture Engineering (ICCAE’2013), 
Kuala Lumpur (Malaysia). 
 
Sobahan, M. A. (2014). Effects of industrial wastewater on surface water and sediment 
quality in Gebeng Industrial Area, Pahang, Malaysia and effectiveness of 
bioremediation methods in industrial wastewater treatment. The thesis of doctor of 
philosophy in engineering, faculty of civil engineering and earth resources, 
University Malaysia Pahang. 
  
Sobahan, M. A., Sujaul, A. M. and Abdul Karim M. (2015). Status and contamination 
level of the wastewater of Gebeng industrial estate, Pahang, Malaysia. Bangladesh 
Journal of Botany, 44(1), 103-110. 
  
Soheil, Y., Abolfazl, G. and Abdul, H. B. (2014). Removal of total suspended solids and 
turbidity within experimental vegetated channel: optimization through response 
surface methodology. Journal of Hydro-environment Research, 8, 260-269. 
  
Soil Survey Division staff. (1993). Soil Survey Manual Agricultural Handbook, Soil 
Conservation Service. U. S. Department of Agriculture Handbook 18. 
  
Solgi, E., Esmaili-Sari, A., Riyahi-Bakhtiari, A. and Hadipour, M. (2012). Soil 
contamination of metals in the three industrial estates, Arak, Iran. Bulletin of 
Environmental Contamination & Toxicology, 88(4), 634-638. 
  
Sorin, C., David, D. and Stefan, C. (2016). Estimation of water turbidity and analysis of 
its spatiotemporal variability in Danube River plume (Black Sea) using MODIS 
satellite data. Continental Shelf Research, 112, 14-30. 
 
Srinivasa Gowd, S., Ramakrishna Reddy, M. and Govil, P. K. (2010). Assessment of 
heavy metal contamination in soils at Jajmau (Kanpur) and Unnao industrial area of 
194 
the Ganga Plain, Uttar Pradesh, India. Journal of hazardous materials, 174(1-
3):113-121.  
  
Stefan, M., Monika, K., Jaroslaw, S. and Krzysztof, J. (2016). Labile factions of soil 
organic matter and microbial characteristics of soil under organic and conventional 
crop management systems. Biological Agriculture & Horticulture, 32(1), 1-6. 
  
Su, R. J., and Li, D. X. (2012). Determination of main components in the excess activated 
sludge. Advance on Material. Research, 534, 249-252. 
  
Suhag, A., Gupta, R. and Tiwari, A. (2011). Biosorptive removal of heavy metals from 
wastewater using duckweed. International Journal of Biomedical Advanced 
Research, 2(8), 281-290. 
  
Sujaul, I. M., Hossain, A. M., Sobahan, M. A., Jularisam, A. W. and Aziz, E. A. (2012). 
Spatial variation of water quality parameter in Gebeng industrial area. In 
International Conference on Environment, Chemistry and Biology, 49, 6-11. 
  
Sujaul, I., Hossain, M., Nasly, M. A. and Sobahan, M.A. (2013). Effect of industrial 
pollution on the spatial variation of surface water quality. American Journal of 
Environmental Science, 9, 120-129. 
  
Sujaul, I. M., Sobahan, M. A., Edriyana, A. A., Yahaya, F. M. and Yunus, R. M. (2015). 
Adverse impacts of poor wastewater quality in Gebeng industrial area, Pahang, 
Malaysia. The London United Kingdom, 17(5), Part XIX. 
 
Sujitha, P. C., Mitra, D. D., Sowmya. P. K. and Priya, M. R. (2012). Physicochemical 
parameters of Karamana river water in Trivandrum district, Kerala, India. 
International Journal of Environmental Sciences, 2(2): 472-490. 
  
Sung, R. K., and Sammy, L. K. (2012). Influence of salinity and prey presence on the 
survival of aquatic macroinvertebrates of a freshwater marsh. Aquatic Ecology, 46, 
411-420. 
  
Swee-Hock, S. (2007). Population of Peninsular Malaysia. Singapore: Institute of 
Southeast Asian Studies. Pp. 1-2. 
  
Tao, Y., Yuan, Z., Fengchang, W. and Wei, M. (2013). Six-decade change in water 
chemistry of large freshwater lake Taihu, China. Environmental Science & 
Technology, 47(16), 9093-9101. 
  
Tayeb, A., Chellali, M. R., Hamou, A. and Debbah, S. (2015). Impact of urban and 
industrial effluents on the coastal marine environment in Oran, Algeria. Marine 
Pollution Bulletin, 89, 281-288. 
  
Terrado, M., Barceló, D., Tauler, R., Borrell, E. and De Campos, S. (2010). Surface-
water-quality indices for the analysis of data generated by automated sampling 
networks. Trends in Analytical Chemistry, 29, 40-52. 
195 
Terrón, J. M., Marques da Silva, J. R., Moral, F. J. and Garcĭa-Ferrer, A. (2011). Soil 
apparent electrical conductivity and geographically weighted regression for 
mapping soil. Precision Agricultural, 12, 750-761. 
 
Tetsuya, K. and Guangwei, H. (2017). Enhancing the discussion of alternatives in EIA 
using principle component analysis leads to improved public involvement. 
Environmental Impact Assessment Review, 65 (2017), 63–74.  
  
Theron, A., Tintinger, G. and Anderson, R. (2012). Harmful interaction of non-essential 
heavy metals with cells of the innate immune system. Clinic Toxicology, Doi: 
10.4172/2161-0495.S3-005. 
  
Thomas, W., David, G., Michael, O. And Thomas, P. C. (2017). International evolution 
of fat, oil, and grease (FOG) waste management-A review. Journal of 
Environmental Management, 187, 424-435. 
  
Tian, H., Yan, L., Yanping, C., Yabo, L., Min, W., Wei, M., Kaijie, Z. and Feifei, Z. 
(2015). Detecting gradual and abrupt changes in water quality time series in 
response to regional payment programs for watershed services in an agricultural 
area. Journal of Hydrology, 525, 457-471. 
  
Tim, H., Rehan, S. and Asit, M. (2012). Adaptation and evaluation of the Canadian 
Council of Ministers of the Environment Water Quality Index (CCME WQI) for use 
as an effective tool to characterize drinking source water quality. Water Research, 
46, 3544-3552. 
 
Ting, W. H. T., Tan, I. A. W., Salleh, S. F. and Wahab, N. A. (2018). Application of 
water hyacinth (Eichhornia crassipes) for phytoremediation of ammoniacal 
nitrogen: A review. Journal of Water Process Engineering, 22, 239–249 
  
Tyler, H. L., Moore, M. T. and Lock, M. A. (2012). Potential for phosphate mitigation 
from agricultural runoff by three aquatic macrophytes. Water Air Soil Pollution, 
223(7), 4557-4564. 
 
UNEP. (2010). Final review of scientific information on cadmium, United Nations 
Environment Program, Chemicals Branch, DTIE. 
  
UNEP. (2013). Embedding the Environment in Sustainable Development Goals. 
Discussion Paper. UNEP Post-2015. Nairobi; United Nations Environment 
Program. 
 
USEPA (U.S. Environmental Protection Agency), (2015). Regulated drinking water 
contaminations. Online database. Available at: 
http://www.epa.goy/dwstandardsregulations#Disinfectants (Accessed on Dec 02, 
2015).  
 
196 
Varol, M. Chen, F. A. and Saleh, S. A. (2012). Spatial and temporal variations in surface 
water quality of the dam reservoirs in the Tigris River basin, Turkey. Catena, 92, 
pp. 11-21. 
  
Vencheh, A. H., Matin, R. K. and Kajani, M. T. (2005). Undesirable factors in efficiency 
measurement. Applied Mathematics & Computation, 163, 547-552. 
  
Vidhya, C. V., John, M. And Mario, S. (2015). Does river restoration affect diurnal and 
seasonal changes to surface water quality? A study along the Thur River, 
Switzerland. Science of the Total Environment, 532, 91-102. 
  
Vishwakarma, S., Varma, A. and Saxena, G. (2013). Assessment of water quality of 
Betwa River, Madhya. International Journal of Water Research & Environmental 
Engineering, 5(4), 217-222. 
 
Von Sperling, M. (2017). Basic principles of wastewater treatment: IWA publishing.  
  
Vrscaj, B., Poggio, L. and Marsan, F. A. (2008). A method for soil environmental quality 
evaluation for management and planning in urban areas. Landscape Urban Plan, 
88(4), 81-94. 
  
Wai, C. P., Gamini, H., Ashutosh, S., Tadayoshi, M. and Ryohei, K. (2016). River and 
fish pollution in Malaysia: A green ergonomics perspective. Applied  Ergonomics, 
57, 80-93. 
  
Walakira, P. and Ohot-Okumu, J. (2011). Impact of industrial effluents on water quality 
of streams in Nakawa-Ntinda, Uganda. Journal of Applied Science & Environmental 
Management, 15(2), 289-296. 
  
Wan, Y. L., Ahmad, Z. A., Tengku, H. T. and Mohamad, P. Z. (2013). Elemental 
hydrochemistry assessment on its variation and quality status in Langat River, 
Western Peninsular Malaysia. Environmental & Earth Science, 70, 993-1004. 
  
Wei, S., Chunyu, X., Meiying, X., Jun, G. and Guoping, S. (2016). Application of 
modified water quality indices as indicators to assess the spatial and temporal trends 
of water quality in Dongjiang River. Ecological Indicators, 66, 306-312. 
    
WHO. (1992). GEMS/Water operation guide. 3rd ed. M. Allerd, ed., World Health 
Organization, Geneva. 
  
WHO. (1996). Guideline for drinking water quality, second ed., Vol. 2- Health Criteria 
and other Supporting Information. World Health Organization.  
  
WHO. (2011). Nitrate and nitrite in drinking-water: WHO Guidelines for Drinking-
water Quality, World Health Organization.  
  
WHO. (2011). Guideline for drinking-water quality, Incorporating 1st and 2nd Addenda. 
Vol.1. Recommendations, 3rd Edition 
197 
http://www.who.int/water_sanitation_health/dwq/fulltext.pdf (Accessed 21 July 
2011). 
  
Wiaoqian, L., Yiqun, G., Aiguo, Z., Yunde, L., and Dong, W. (2013). Hydrological 
controls on the sources of dissolved sulfate in the Heihe River, a large inland river 
in the arid northwestern China, inferred from S and O isotopes. Journal of Applied 
Geochemistry, 35, 99-109. 
  
Wikipedia. (2013). Gebeng: From Wikipedia, the free encyclopedia. Wikipedia. 
Available at: http://en.wikipedia.org/wiki/Gebeng. 
  
Wilson, P. C. (2013). Water quality notes: Water clarity (turbidity, suspended solids, and 
color), Department of Soil and Water Science, UF/IF AS Extens.  
  
Wozniak, M. (2011). Investigation of total dissolved solids regulation in the Appalachian 
Plateau physiographic province: a case study from Pennsylvania and 
recommendations for the future. Dissertation, North Carolina State University. 
  
Wu, Y., Yu, Y., Li, X., Hu, H. and Su, Z. (2012). Biomass production of a scenedesmus 
sp. Under phosphorus-starvation cultivation condition. Bioresource Technology, 
112, 193-198. 
 
Xie, X. M., Zang, Z. P. and Qi, G. Y. (2016). Assessing the environmental management 
efficiency of manufacturing sectors: evidence from emerging economies. Journal of 
Cleaner Production, 112, 1422-1431. 
 
Xu, J. and Shen, G. (2011). Growing duckweed in swine wastewater for nutrient recovery 
and biomass production. Bioresource Teechnology, 102(2), 848-853. 
 
Xu, R. K., Zhao, A. Z., Yuan, J. H. and Jiang, J. (2012). pH buffering capacity of acid 
soils from tropical and subtropical regions of China as influenced by incorporation 
of crop straw biochars. Journal of Soil and Sedimentation, 12, 494-502. 
  
Xu, X., Gao, B. and Zhao, Y. (2012). Nitrate removal from aqueous solution by Arundo 
donax L. reed-based anion exchange resin. Journal of Hazardous Material, 203, 86-
92. 
  
Xu, L., Wang, T., Luo, W., Ni, K., Liu, S., Wang, L. and Lu, Y. (2013). Factors 
influencing the contents of metals and As in soils around the watershed of Guanting 
Reservoir, China. Journal of Environmental Science, 25(3), 561-568. 
  
Yadav, R. N., Dagar, N. K. and Yadav, R. (2012). Variability in physicochemical 
parameters of groundwater of north-east zone of the Bhiwadi industrial area (Alwar). 
Journal of Current Chemical & Pharmaceutical Sciences, 2(3), 198-208. 
  
Yan, F., Liu, L., Li, Y., Zhang, Y., Chen, M. and Xing, X. (2015). A dynamic water 
quality index model based on functional data analysis. Journal of Ecological 
Indicators, 57, 249-258.  
198 
Yan, Z., Fadong, L., Qiuying, Z., Jing, L. and Qiang, L. (2014). Tracing nitrate pollution 
sources and transformation in surface- and ground-water using environmental 
isotopes. Sciencee of the Total Environment, 490, 213-222. 
  
Yanpeng, C., Wencong, Y., Linyu, X., Zhifeng, Y. and Qiangqiang, R. (2016). 
Sustainable urban water resources management considering life-cycle 
environmental impacts of water utilization under uncertainty. Resources 
Conservation and Recycling, 108, 21-40. 
  
Ye, X., Bai, J. and Lu, Q. (2014). Spatial and seasonal distributions of soil phosphorus 
in a typical seasonal flooding wetland of the Yellow River Delta, China. 
Environmental Earth Sciences, 71(11), 4811-4820. 
 
Yi, L., Hossam, A., Eng-Choon, L., Abdelmalek, B. and Peter, L. (2018). Effect of water 
salinity on the water retention curve of geosynthetic clay liners. Journal of 
Geotextiles and Geomembranes, 46, 707–714. 
 
Yisa, J. and Jimoh, T. (2010). Analytical studies on quality index of river Landzu. 
American Journal of Applied Sciences, 7 (4), 453-458. 
 
Yukun, M., Shaonan, H., Hongtao, Z, Jinxiu, F., Jiang, Z. and Xuyong L. (2018). 
Pollutant transport analysis and source apportionment of the entire non-point source 
pollution process in separate sewer systems. Chemosphere, 211 (2018) 557-565.    
  
Yvon-Durocher, G., Jones, I., Trimmer, M., Woodward, G. and Montoya, J. M. (2010). 
Warming alters the metabolic balance of ecosystems. Philosophical Transactions of 
the Royal Society B: Biological Sciences are provided here courtesy of The Royal 
Society, 365, 2117-2126. 
  
Yu, H., Ni, S. J., He, Z. W., Zhang, C. J., Nan, X., Kong, B. and Weng, Z. Y. (2014). 
Analysis of the spatial relationship between heavy metals in soil and human 
activities based on landscape geochemical interpretation. Journal of Geochemical 
Exploration, 146,136-148. 
  
Yuan, Z., Pratt, S., and Batstone, D. (2012). Phosphorus recovery from wastewater 
through microbial processes. Current Opinion on Biotechnology, 23(6), 878-883. 
 
Yun, L., Peng, H., Yong, H., Guo-Li, Y., Jian-Xin, G. and Jun, L. (2017). Source 
identification of potentially hazardous elements and their relationship with soil 
properties in the agricultural soil of the Pinggu district of Beijing, China: 
Multivariate statistical analysis and redundancy analysis. Journal of Geochemical 
Exploration, 173, 110-118. 
 
Yun, S. Y., Yi, A. L. and Ilankoon, I. M. (2019). An analysis of electronic waste 
management strategies and recycling operations in Malaysia: Challenges and future 
prospects. Journal of Cleaner Production, 224 (2019), 151-166. 
  
199 
Yusuf, M. A. (2001). River water quality and ecosystem health in Langat Basin, 
Selangor, Malaysia Ph.D. Thesis. Universiti Kebangsaan Malaysia. 
  
Zainudin, Z. (2010). Benchmark river water quality in Malaysia. Jurutera. P. 12-15. 
  
Zhang, X. W., Yang, L. S., Li, Y. H., Li, H. R., Wang, W. Y. and Ye, B. X. (2012). 
Impacts of lead/zinc mining and smelting on the environment and human health in 
China. Environmental Monitoring Assessment, 184, 2261-2270.   
  
Zhang, W., Wang, C., Li, Y., Wang, P., wang, Q. and Wang, D. (2014b). Seeking 
sustainability: multiobjective evolutionary optimization for urban wastewater reuse 
in China. Environmental Science & Technology, 48, 1094-1102. 
  
Zhao, J., Fu, G., Lei, K. and Li, Y. (2011). Multivariate analysis of surface water quality 
in the Three Gorges area of China and implications for water management. Journal 
of Environmental Science, 23(9), 1460-1471. 
  
Zhen, X. and Jun, Y. X. (2014). Rapid field estimation of biological oxygen demand in 
a subtropical eutrophic urban lake with chlorophyll a fluorescence. Environmental 
Monitoring Assessment, 187, 187-4171. 
  
Zhiping, Y., Lingqing, W., Tao, L. and Manxiang, H. (2015). Nitrogen distribution and 
ammonia release from the overlying water and sediments of Poyang Lake, China. 
Environmental & Earth. Sciences, 74, 771-778. 
  
Zhiyuan, L., Zongwei, M., Tsering, J. V., Zengwei, Y. and Lei, H. (2014). A review of 
soil heavy metal pollution from mines in China: Pollution and health risk 
assessment. Science of the Total Environment, 468-469, 843-853. 
 
 
 
 
 
 
 
 
 
